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CONSERVATION OF THE QUEEN CHARLOTTE GOSHAWX IN SOUTHEAST ALXSKA 

D. COLEMAN CROCXER-BEDFORD, Tongass National Forest, Ketchikan, 
Alaska  99901. 

The Queen Charlotte goshawk (Accipiter aentilis lainsi) is endemic 
tb southeas t  Alaska and coas t a l  British Columbia. O w i n g  to its 
restricted distribution and low natural densities, its .population 
was probably never great. Timber  harvesting appears to have 
reduced h a b i t a t  capability for the Queen Charlotte goshawk. The 
c u r r e n t  population in southeast Alaska is roughly estimated at 100- 
2 0 0  pairs .  Adul ts  of other subspecies of northern goshawks usually 
have summer home ranges between 1,400 ac and 9,300 ac. In 
northeastern southeast  Alaska ,  near Juneau, Queen Charlotte 
goshawks appear to have sum.er home ranges of similar s i z e s ,  but in 
southern southeast Alaska summer home ranges known by 1993 f o r  3 
breeding pairs were an order  of magnitude larger: 36,900 ac (81% 
land) , 101,600 ac (50% land) , and 288,700 ac ( 6 8 %  land) (ADF&G 
1993a, 1 9 9 4 ) .  

Analyses of h a b i t a t  use have shown similar results throughout t h e  
geographical range of the northern goshawk in the United States. 
H o m e  ranges inc lude  stands of large trees for nest ing ,  as well as 
f o r  greater abundance of some prey.  The higher canopy provided by 
large trees, along w i t h  sparser t h a n  normal shrubs and small trees, 
appears to facilitate goshawk flight and prey capture. Closed 
canopies appear to provide preferred microclimate in the nest ing 
s tand ,  increased productivity of some important prey species, and 

literature review indicated that goshawk densities tend to decrease 
w i t h  amount of timber harvest, and that goshawks may sometimes be 
impacted by fo re s t  fragmentation. In southeast Alaska 92% of the 
relocations on radio-tagged goshawks were in old-growth forests 
having over 8 mbf/ac. Old-growth having over 20 mbf/ac was most 
preferred. 

Habitat Conservation Areas, P r i m i t i v e  Recreation Areas, Wilderness 
Areas,  and other l a r g e  protected areas, provide important habitat  
f o r  Queen Char lo t te  goshawks without the necessity f o r  expensive 
and o f t e n  inconclusive nest surveys, and without speculative 
analyses for home range specific management plans .  S t i l l ,  because 
the population is so low and may be declining, an effort should 
a l s o  be made to maintain sufficient habitat within a l l  suitable 
home ranges which a r e  outside of the large protected areas.  
Recommendations are made f o r  nesting surveys and habitat management 
of individual home ranges .  A n  alternative recommendation would 
reduce harvesting of old-growth to 5% of t h e  s u i t a b l e  and available 
timber base of an assessment area  during any one decade. 

reduced competition and predation by open-forest  raptors. A 
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DISTRIBUTION AND POPULATION STATUS 

Three subspecies of northern goshawks breed in North America 
(Johnsgard 1990). A -  & a t r i c m i l l u s  is w i d e l y  d i s t r i b u t e d  over 
most of the f O r e s t e d r @ g i o n s  of the United States and Canada. It 
is the gray form with bluish tint shown in most North American 
f i e l d  gu ides .  The Apache goshawk ( A .  a .  apache) is larger and has 
heavier feet, and is found only in northwestern Mexico and t h e  
southern p o r t i o n s  Of Arizona and New Mexico (Brown and Amadon 

The Queen Charlotte goshawk (A. g, laingi). is darker t han  most A. 
Q. atricapillus (Taverner 1940). It is of ten  very blackish and is 
found only in southeast Alaska and coastal British Columbia 
(Webster 1 9 8 8 ) .  Beebe (1974:54) described t h e  consistent features 
of A. Q. l a i n u i :  Mature adults "have the black of the head 
extending to near ly  the mid-point of the back before l i ghten ingt1  
sornewhat---often "to a dark, leaden grey;" t h e  Ilclose barring of 
the underside is darker and courser than t h a t  of continental birds, 
w i t h  the shaftline mark's w i d e r  and black,  not and 
*timatures are Similarly much darker, the only  real white anywhere 
being the eyebrow line, nape feathers, and undertail plumes.11 
specimens from Vancouver Island, British Columbia, as well as 
Baranof Island and Taku I n l e t ,  northern southeast Alaska, "are n o t  
quite as  black as those from the Queen Charlotte IslandsIt,  which 
perhaps indicates the edges of the subspecies range (Webster 1988). 

1968) 

Beebe ( 1 9 7 4 : 5 4 )  believed that the b i r d s  of Vancouver Island were a 
d i s t i n c t ,  not yet described, subspecies. He sta ted  they were 
ttalmost a s  dark a s  A. & lainqi but fully one-third smallera1 by 
weight than goshawks from t h e  Queen Charlot te  .,islands. Johnson 
(1989)  found no statistically significant difference in wing 
l e n g t h s  between the populations of Vancouver Island and t h e  Queen 
charlot te  i s l a n d s ,  though his sample s i z e  was small. Conducting 
t h e i r  own measurements on all specimens,'both Johnson (1989) and 
Whaley and White ( 1 9 9 3 )  found that lainsi goshawks had 
significantly shorter wings than d i d  goshawks from the adjacent 
mainland, and that subspecific s t a t u s  was warranted. Whaley and 
White ( 1 9 9 3 )  determined that A. 5 lalnai was the smallest goshawk 
in North  America. 

Wingchord measurements f rom breeding goshawks in southeast Alaska 
(ADF&G 1994) averaged longer than the A .  a. lainsi museum specimens 
measured by Whaley and White (1993); however, the ADF&G (1994) 
measurements were from l i v i n g  b i r d s ,  while the museum specimens 
measured by other authors may have shrunk when dried. The smallest 
wingchord measurements by ADF&G (1994) were from southern southeast 
Alaska and were within the range of laingi reported by Whaley 
and White ( 1 9 9 3 ) .  Although the sample sizes were too small f o r  
statistical significance, the s h o r t e r  measurements from south of 57 
deg 30 min latitude (Angoon, Admiralty Island), as compared to 
those north of there (ADF&G 1994), implied different populations 
within southeast Alaska. 
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The breeding birds  examined i n  1992 and 1993 in southeast Alaska 
exhibited plumage characteristics which were largely similar to 
those d e s c r i b e d  by Taverner (1940) and Beebe (1974) for the Queen 
Charlotte subspecies (ADF&G 1994). C. Flatten (ADF&G, pers,  corn.) 
previously worked with goshawks on t h e  Olympic Peninsula of 
Washington, where he a l s o  observed goshawks with plumage 
characteristics of the Queen Charlotte goshawk. He observed t h a t  
rainforest characteristics on the Olympic Peninsula were similar to 
those i n  southeast Alaska,  and probably present similar selective 
pressures. Goshawks on the Olympic Peninsula "are believed to be 
'relatively i so la ted  there" (Thomas et al. 1993:290). 

c.  Flatten (pers. corn.) and I suggest that the range of goshawks, 
which exhibi t  the morphological characteristics of the Queen 
Charlotte goshawk, extends along the Pacific Coast from n o r t h e r n  
southeast Alaska to western Washington- Slight size and slight 
plumage differences indicate that the subspecies may be separated 
i n t o  at least five populations: northern southeast Alaska , 
southern southeast Alaska, Queen Charlotte Islands, Vancouver 
I s l a n d ,  and O l p p k  Peninsula .  Separate populations would be 
expected given t h e  large bodies of sea  between them, combined with 
the resident nature of the goshawks of southeast Alaska (ADF&G 
1993a, 19941, the  Queen Charlotte Islands (Beebe 1974), Vancouver 
Island (Beebe 1974), and the Pacific Northwest rainforest (Thomas 
et al. 1993, Whaley and White 1993). The amount of mixing between 
adjacent populations is unknown. 

Between 1990 and 1994, population e s t i m a t e s  f o r  the Queen Charlotte 
goshawk have been repeatedly revised downward. In 1990 a habitat 
capability model (Crocker-Bedford 1990a)  est imated t h e  1988 habitat  
capability at less t h a n  8 0 0  pairs in southeast Alaska and less than 
2 , 500 pairs  f o r  southeast A l a s k a  and B r i t i s h  Columbia combined. 
The model also estimated a decline in habitat capability of at 
least 309 in southeast Alaska and more than SO% within the. 
subspecific range of the Queen Charlotte goshawk. Later, C ,  
Iverson (USDA Forest Service, unpubl. rep. Nov. 1990) suggested 
that t h e  habi ta t  capability estimates were too high and t h e  
projected declines i n  h a b i t a t  capability were too small: The 1990 
habitat capability model had not accoun ted  f o r  the perceived higher 
h a b i t a t  value of higher volume old-growth forests f o r  prey 
production and accessibility (goshawk flight space), nor  did  the 
model consider t h e  f a c t  that past logging had concentrated in 
stands of higher volume timber. Recent data (ADF&G 1993a, 1994) 
have demonstrated that goshawks in southeast Alaska prefer old- 
growth fo re s t  habitat having over 20 thousand board feet per acre 
(mbf/ac) more than that of 8 - 2 0  mbf/ac, and t h a t  home ranges of 
pairs  of Queen Charlotte goshawks are o f t e n  many t i m e s  larger than  
t h e  assumptions of t h e  Crocker-Bedford (3990a) model. Furthermore, 
much of the  habitat capability which Crocker-Bedford (1990a) 
calculated f o r  the Queen Charlotte goshawk in B r i t i s h  Columbia was 
from coastal mainland forest, but R. W. Campbell (author Birds of 
British'Columbia, pers. corn. 3 May 1994) found t h a t  most b irds  
there are A. atricanillus and that Queen Charlotte goshawks are 
mostly restricted to i s l a n d s .  
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I n  1991 the Supplementary DEIS f o r  t h e  Tongass Land Management Plan 
c a l c u l a t e d  a Potential habitat capability (usually higher than 
actual population) Of 314-381 pairs f o r  southeast Alaska (USDA 
Forest Service 1991a:3-533). By 1992 the professional estimates of 
several biologists---based primarily on t h e  paucity of goshawk 
sightings r e l a t i v e  to time i n  the field by biologists and birders-- 
-were that the actual p o p u l a t i o n  of goshawks i n  southeast Alaska 
was under 500 p a i r s  and might pbssibly be lower than 2 0 0  pairs  
(Cracker-Bedford 1993). By 1 9 9 4  new information on nesting home 
range size and habitat use, when compared t o  habitat availability, 
allowed the principle i n v e s t i g a t o r  of goshawks in southeast Alaska 
.EO roughly estimate the total goshawk popu la t ion  of s o u t h e a s t  
Alaska a t  1 2 0  pairs (K. Titus, ADF&G, pers. comm. 16 Feb. ,1994). 

Given all the above, I estimate that the true population in 
southeast A l a s k a  I s  100-200 p a j r s .  However, Forsman (1994) WS 
correct in s t a t i n g  that a l l  we know for sure about the  population 
of southeast Alaska is that qoshawks "are relatively rare, and t h a t  
they are probably declining as a result of h a b s t a t  loss.q4 I n  
British Columbia, Queen C h a r l o t t e  goshawks are mostly restricted to 
coastal islands---few exist on the- coastal mainland---and they are 
rare even on the islands (R. W. Campbell pers. comm. 3 May 1994). 

The USDI F i s h  and Wildlife Service (1992) has designated the 
n o r t h e r n  goshawk (including all three subspecies) as a Category 2 
Candidate Species for Threa tened  o r  Endangered. Status in the United 
Sta tes .  

IlCategory 2 i n c l u d e s  those t a x a  f o r  which there is some 
evidence of vulnerability, but for which there are not enough 
data to support a listing proposal at this time. ' Elevation to 
Category 2 does n o t  mandate initiation of a s t a t u s  review. 
However, because of the level of concern  for the  goshawk, the 
[USDI F i s h  and Wildlife] Servicett has initiated a Itstatus 
review (50 CFR 424.15) to better understand trends in 
population size and stability and loss or modification of 
h a b i t a t . "  (Ibid. : 5 4 5 ) .  

As of February, 1992, goshawks were on the Sensitive Species lists 
of three Forest Service Regions: Southwest, Intermountain, and 
Pacific Southwest. In Alaska goshawks were under c c k i d e s a t i o n  f o r  
Forest Service Sensitive Species status since 1986 (Sidle and 
S u i n g  1986). In January 1994 the Queen Charlotte goshawk was 
added ' to t h e  Sensitive Species list of the Alaska Regional 
F o r e s t e r .  

The Alaska Natural Heritage Program ranked the Queen Charlotte 
goshawk as Tl/T2 (West 1993). This means that the subspecies in 
i t 5  e n t i r e t y  is believed t o  be either " C r i t i c a l l y  imperiled 
global lyq1 or ttSmperiled globally. l1 Individual populations of the  
subspecies would be at more risk t h a n  the subspecies in total. For 
example, goshawks 'in southern southeast Alaska appear to be very 
sparse and have e x h i b i t e d  extremely large home ranges (see sections 
on Home Range and Population Densities). 
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PATTERNS OF IIABITAT USE 

Food Habits 

The hunting technique of goshawks has been descr ibed  as "short-stay 
perched-bunting"---where n e a r l y  all attacks a r e  launched'straight 
from perches---by Kenward (1982) , whose s tudy areas were mixtures 

' of woodlots and agriculture. Widen (1984) studied goshawk hunting 
behavior in a c o n i f e r o u s  f o r e s t  in south-central Sweden, and he 
concluded f o r  coniferous f o r e s t :  "Flying through the forest, 
flushing t h e  prey by s u r p r i s e ,  may be a more e f f i c i e n t  hunting 
t .echnique in this habitat" than striking from perches, though much 
hunt ing  still occurred f r o m  perches. 

In Sweden flights between hunting perches averaged 1.5 min and the 
distribution was skewed towards s h o r t e r  periods so t h e  median 
flight duration was 0.4 min (Widen 1984). I n  N e w  Mexico flights of 
adult males averaged 2 3 min while those .of adult females averaged 
1.1 min, though both sexes exhibited a median flight duration of 
0.5 rnin (Kennedy 1990). In Sweden time at perches averaged 8 . 6  m i n  
f o r  males and 10.4 min foc females, but t h e  median t i m e  per perch 
was only 3 min f o r  both sexes (Widen 1 9 8 4 ) .  In N e w  Mexico t i m e  a t  
perches  averaged 1 1 . 2  min f o r  males and 12.7 min for females, but 
both sexes exhibited a median time per perch of 3 . 5  min (Kennedy 
1990). Time per perch was much longer if a b i r d  had already f ed  
t h a t  day: 31 minute average, 7 minute median (Widen 1984). 

Goshawks use relatively large prey. In northern Arizona from late 
incubation to fledging, mammals contributed 945; of the prey 
biomass: 26% cottontails (Svlvilauus s p p . ) ,  15% ground squirrels 
(SpemoPhilus lateralis) 10% rock squirrels (S. variegatus) , 15% 
tessel-eared squirrels (Sciurus a b e s t i )  , 6% red squirrels 
( T m i a s c i u r u s  hudsonicus), arid 22% other mammals (Mannan and Boal 
1 9 9 3 ) .  The Arizona s t u d y  showed a higher proport ion  of mammals 
than any other goshawk d i e t a r y  study, in part because it used 
di rec t  observations of nest returns rather than analysis of prey 
remains (Mannan and Boal 1993), but perhaps also owing to prey 
availability caused by forestry practices and proximity to more 
open ha'bitat types ( P i n u s  edulis and Atemesia tridentata). In N e w  
Mexico goshawks consumed nearly equal amounts of mammalian and 
avian prey during l a t e  summer, primarily n o r t h e r n  flickers 
(Colaptes auratus)  , Steller's jays (Cvanocitta stelleri) , American 
robins (Turdus m i f f r a t o r i u s , )  , tassel-eared squirrels, red squirrels, 
and cottontails [Kennedy 1989, 1990). In Oregon during the n e s t i n g  
season,  65% of t h e  prey biomass was mammalian, half from mammals 
1arger . than 450 g---grey squirrels (L ariseus), cottontails, and 
hares ( L e m s  rpp.)---and h a l f  from mammzls smaller than 450 g--- 
e s p e c i a l l y  ground squirrels (Snermophilus s p p . ) ,  Douglas squirrels 
(L douglas i )  , flying s q u i r r e l s  (Glaucomys sabrinus) , chipmunks 
(Eutamias s p p . ) ,  and woodrats (Neotoma s p p . )  (Reynolds and Meslow 
1 9 8 4 ) .  In Oregon 35% of the prey biomass was avian, half from 
b i r d s  larger t h a n  200 9---mallards (Anus platvrhynchos) , Cooper's 
hawks (L cooserii) , blue  grouse  (Dendraaapus obscurus) , ruffed 
grouse (Bonasa urnbellus) mountain quail (Oreortvx Dictus), great 
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horned owls  (Bubo virsinianus) , and pileated woodpeckers (DryocoDus 
pileatus) ---and h a l f  from birds smaller than 200 g. ---especially 
mourning doves (Zenaida macroura) , northern flickers, Steller's 
j a y ,  robins ,  and varied t h rushes  (Ixoreus naevius) (Reynolds and 
Meslow 1984)- In California the primary p r e y  brought t o  the n e s t  
were similar to those in Oregon, but mammals comprised 36% of t h e  
biomass and birds were 64% (Schnell 1958). S t o r e s  (1966) presented 
data from 223 goshawks collected$ from several S t a t e s  over a l l  
seasons, though especially during w i n t e r ,  which showed stomach 
contents having 5 5 %  mammals: especially cottontails, hares and red 
squirrels, but with some grey squirrels, ground squirrels, white- 
footed mice (PeromvsCuS spp. ) ,  voles (Micro tus  spp. ) and redback 
voles (Clethrionomvs s p p . ) .  The stomach contents were 45% birds:  

. especially ruffed grouse, pheasants (Phasianus colchicus) and 
bobwhite quail (Colinus virsinianus), but with some ptarmigan 
(Lasopus spp.), flickers, and thrushes (Hvlocichla spp.--- now 
catharus spp- )  . S t a r e r  ( 1 9 6 6 )  presented other information which 
showed that crows ( C o r m s  spp . )  can be common in the diet, and t h a t  
passenger pigeons (Ec tmis t e s  migratorius) once were important in 
t h e  East before t h e i r  extinction. 

Most of t h e  mammalian prey listed above are rare o r  absent over 
most of southeast Alaska. The only ones that are found th roughout  
most of southeast Alaska are f l y i n g  squirrels, white-footed mice, 
voles  and redbacked voles, but these are much smaller than optimal 
size f o r  goshawks (Storex" 1 9 6 6 ,  Reynolds and Meslow 1984). Red 
squirrels are a b s e n t  from some i s l a n d s ,  such zs Prince of Wales 
(USDA Forest Service 19913). A l s o ,  they are somewhat suboptimal in 
s i z e  (Storer 1966, Reynolds and Meslow 1984). The snowshoe hare 
(L americanus)  is the only mammal in southeast Alaska which is 
optimum s ize  prey for goshawks ( I b i d . ) ,  but it occurs in little of 
southeast Alaska---typically near t h e  mouths of the major rivers 
from Canada (ADF&G 1978). Goshawks exhibit smaller home ranges and 
higher nesting densities in nor theas t e rn  southeast Alaska near  
Juneau, where snowshoe hares were found in prey remains (ADF&G 
1994). Snowshoe hare population cycles may cause goshawk breeding 
d e n s i t i e s  to vary by a f a c t o r  of 7 or 8 In n o r t h e r n  boreal forests 
(McGowan 1975, Doyle and Smith 1993). 

Some of t h e  a v i a n  prey listed above---Cooper's*hawks, quail, 
pheasants and p i l e a , t e d  woodpeckers---do not occur in southeast 
Alaska, while mourning doves are rare and n o r t h e r n  flickers are 
uncommon (Armstrong 1990). Grouse may be d e n s e r  i n , t h e  general 
area of Juneau, where goshawks are denser t h a n  in southern 
southeast Alaska (C. Flatten, pers. corn.). Spruce grouse 
(Dendracapus c a n a d e n s i s )  and b l u e  grouse typically do n o t  occur in 
the same locations in southeast Alaska (J. Gustafson, ADF&G, pers. 
corn.), and spruce grouse are r a r e  in southeast Alaska (Amstrong 
1990). 

Goshawks consume many nor thwes te rn  crows (corms caur inus )  on the 
Queen Char lo t t e  Islands, and m o s t l y  Steller's jays and varied 
thrushes on Vancouver I s l a n d  (Beebe 1974, Johnsgard 1 9 9 0 ) .  I n  
s o u t h e a s t  Alaska prey remains were collected at 15 goshawk n e s t  
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si tes  (ADF&G 1 9 9 4 ) .  Gross examination identified remains of 
Steller's jays from 100% Of the nest sites, spruce or blue grouse 
from 73%, vzried thrushes from 60%, red squirrels from 47%,  
woodpeckers i n c l u d i n g  red-breasted sapsuckers (Sphyrapicus ruber) 
from do%,  sharp-shinned hawks (A. striatus) from 2 7 % ,  marbled 
murrelets (Brachyramphus marmoratus) from 20%, yellowlegs (Trinaa 
s~D.) from 13%, and ptarmigan from 13%. The following species were 
identified at one nest (7%) each: waterfowl (Anatidae s p p . ) ,  
shorebird, northern saw-whet o w l  (Aesolius acadicus) , belted 
kingfisher (Ceryl@ alcyon) , northwestern crow, hermit thrush 
(Catharus quttatas) , hare, and beetle (Coleaptera spp.) . More 
species w i l l  probably be identified from t h e  nests following a more 
thorough analysis of the collected prey remains (ADF&G 1 9 9 4 ) .  1 
found remains of a nestling great blue  heron (Ardea berodias) at 
one goshawk n e s t  site. 

Some of the  above verified prey largely migrate o u t  of southeast 
Alaska during winter :  sharp-shinned hawk, yellowlegs, shorebirds, 
red-breasted sapsucker, varied t h r u s h  and hermit thrush (Armstrong 
1990). Some a d d i t i o n a l  l i k e l y  prey, found in diets elsewhere (see 
above), a l s o  largely migrate oGt of southeast  Alaska during winter: 
robins, mourning doves ( r a r e  even in summer) , and northern flickers 
(uncommon even in summer) (Armstrong 1990). Obviously no nestlings 
of great blue  herons would be available during winter, 

Compared to the h igh  pla teau  in nor the rn  Arizona where I studied 
goshawks for 7 years (Crocker-Bedford 1987, 1990b, 1991; Crocker- 
Bedf ord and Chaney 1988) , in southern southeast Alaska potential 
prey are sparser during the breeding season and extremely sparse 
during t h e  w i n t e r  (pers .  obs. 1989-1994)- I believe t h i s  is the 
major reason why goshawk breeding densities in southeast Alaska 
(see below---Population Density and Trends, Southeast Alaska) are 
very sparse compared t o  those I found in n o r t h e r n  Arizona (Crocker- 
Bedford and Chaney'1988, Crocker-Bedzord 1990b, summarized in table 
1 of this paper) .  

Habitat Structure and Composition 

Goshawk literature is relatively consistent in regards to patterns 
of h a b i t a t  use, especially f o r  western c o n i f e r o u s  forests. The 
goshawk has long been recognized a s  typically being dependent upon 
extensive forests and large stands of llheavyll timber (Bent 
1937: 127-128). 

Stand Structure 

Goshawks t y p i c a l l y  nest in taller mature or old-growth forest 
s tands ,  either coniferous or dec iduous ,  which have relatively dense 
canopies :  in the Northeastern States ( A l l e n  1978 as c i t e d  by Falk 
1990, Speiser and Bosakowski 1987, Falk 1990, K i m m e l  and Yahner 
1992); i n  Oregon (Reynolds et al. 1982, Moore and Henny 1983 ,  
Marshall 1 9 9 2 ) ;  in California (Saundess 1982, Hall 1984, Bloom et 
al. 1985, Fowler 1988); i n  Nevada (Herran et al. 1985 as cited by 
Fowler 1988); in Idaho and Utah (Hennessy 1978); in Idaho ( P a t l a  
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1990); in n o r t h e r n  Idaho and Montana (Hayward and Escano 1989, 
Warren et al. 1990) ; in South Dakota (Bartelt 1977, Erickson 1987) ; 
in Colorado (Shuster 1980) ; in Arizona ( C r o c k e r - B e d f o r d  and Chancy 
1988 ,  AG&F 1993); i n  New Mexico (Kennedy 1 9 8 8 ) ;  and in general  
(Jones 1 9 8 1 ,  Reynolds 1983, 1989). 

Reynolds (1989:97) stated: " P r e f e r r e d  habitat during t h e  breeding 
Season is  older, tall f o r e s - - - - d e c i d u o u s ,  coniferous and 
mixed---where goshawks can maneuver in and below the canopy while 
foraging . . Crocker-Bedf ord and chaney ( 1 9 8 8 )  demonstrated 
preference (use compared to availability) f o r  nesting in stands of 
large trees with dense canopies (P < 0.0001) , and suggested such 
preference was associated with similar stands in the vicinity used 
f o r  foraging. During-~s~mme~.~~northern' Axizon&L.l,l:; radio-tagged 
& u l t F ,  males$:. showedG. increasing?*' pref ererice-;:;; on>-: the::= average,;i: for 
foraging;*as4' CariOPf ddVer"- increased. from under-. 15%; to& 15-33%.?= to 

In 
northern California 10 radio-tagged goshawks avoided openings, 
stands of seedings, and s a p l i n g s ,  and sparse (<40& canopy cover) 
stands of sawtimber; they ,preferred dense (>40k canopy ' cover) 
stands of mature. -or .oldy-growth trees (P < 0.001, 'Austin 1993) 1 In 
eastern California,'relocations of 10 goshawks were more frequent 
than expected by random chance where tree basal  area was higher, 
canopy cover was denser,  and ,tree stems were denser' (Hargis et al. 
1993), especially in. the  larger diameter classes (Hakgis et al. 
manuscript) . In Utah Fischer (1986) determined from radio 
relocations that 2 goshawks preferred to forage in stands of t a l l ,  
mature and overmature: trees, In the  boreal forest  of central 
Sweden in every season of t h e  year., both adult males and adult 
females (A. gt uentilis). foraged significantly less in young and 
middle-aged stands than expected based on their availability (P < 
0.05), and used mature. forest approximately twice as frequently as ' 
its availability (P < 0 . 0 5 )  ---and most success fu l ' forag ing  attempts 
were documented in mature forest (Widen 1989, and Widen 1987 as 
c i t e d  by Widen 1989). 

34-55%:;~* to?.: ove& 55%::. (P ... G 0 .  OOl,., Mannan. and-& Smith-;- 1993) . 

:Fischer and Murphy (1986) and Widen (3989) concluded that the  
-preference f o r  mature, taller forest was due to prey  vulnerability 
and not prey abundance---their older forests did not exhibit higher 
prey densities SO they concluded that t h e  denseness of younger 

, forests impaired goshawk hunting.  Foraging success may also  be 
impaired if the overstory is so sparse that t h e  hunting goshawk is 
t o o  visible to its prey (Widen 1 9 8 9 ,  Austin 1993) and has 
inadequate hun t ing  perches (Austin 1993) . In contrast, Reynolds 
and others ( 1 9 9 2 )  suggested t h a t  prey abundance was more important 
t han  its accessibility. Most prey of goshawks inhabit t h e  ground 
and shrub layer in a forest ,  though many prey are generalists found 
at any level of the' forest (Reynolds and Meslow 1984, Mannan and 
Boa1 1993). Following t imber  harvest, t h e  change from larger trees 
to smaller trees may reduce t h e  goshawk's ability t o  hunt 
success fu l ly  (Reynolds 1 9 8 9 ,  Widen 3989, Gullion 1990, 
Crocker-Bedford 1990b). Selection of foraging habitat  appears-to 
be a compromise between habitats that  provide structures conducive 
to hun t ing  and h a b i t a t s  which provide h i g h  p r e y  densities (Widen 
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1989). considerable habitat  within the home range  of a pair of 
goshawks must be of high enough quality to provide sufficient and 
accessible prey relative to t h e  time and energy expended while 
hunting (Crocker-Bcdford 1990b) . 
Relat ive  to atriCaPillUs goshawks, Queen Charlotte goshawks exhibit 
smaller size, more rounded wings, and proportionately l o n g e r  tails, 
perhaps a s  adaptations to t h e i r  dense rainforest environment 
(Whaley and White 1993). I suggest t h a t  Queen Charlotte goshawks 
should be affected by environmental variables s i m i l a r  to those 
affect ing  the  goshawks in t h e  above 4 paragraphs, but that Queen 
charlotte goshawks can poss ib ly  cope with somewhat denser 
understory trees and more brush relative to A. g~ atricapillus. 

Radio study i n  southeast  Alaska found habitat use trends similar to 
those discussed above. Of 667 independent relocations on 30 
radioed goshawks (ADF&G 19941, 3.3% were recorded from natural 
openings and scrub forest,  1% f r o m  clearcuts and young second- 
growth forest, 3 . 6 %  from mature second-growth, and 92% from 
productive old-growth forest: 7 . 6 %  from riparian old-growth, 7.6% 
from beach fr inge  old-growth, 5.1% from mixed conifer old-growth, 
2.7% from subalpine old-growth, and 69% from o t h e r  old-growth away 
from streams and beaches .  O f  the 92% of t h e  relocations from 
productive old-growth, 24% were Tongass National Forest (NF) volume 
class 4 (8-20 mbf/ac), 57% were Tongass NF volume c l a s s  5 (20-30 
mbf/ac), 2nd 12% w e r e  Tongass NF volume classes 6 and 7 (>30 
mbf/ac). The 6 ecological provinces where goshawk relocations 
occurred (numbers 9 ,  10, 13, 13, 14 and 16 of t h e  1991 Supplemental 
EIS for Tongass Land Management Planning) averaged 45.2% natural 
openings and scrub forest, 6.9% clearcuts and young second-growth 
forest, 4.8% mature second-growth forest, 19.9% volume c l a s s  4 old- 
growth, 17.8% volume class 5 old-growth, and 5.5% volume c l a s s  6-7 
old-growth (USDA Forest Service 1992a). Home ranges d i d  n o t  extend 
throughout the 6 ecological provinces, which reduces the precision 
of comparisons between percentages of relocations and percentages 
of habitat a v a i l a b i l i t y .  

Nevertheless, the percentage of 667 independent relocations f o r  the 
30 radioed goshawks in. s o u t h e a s t  Alaska (ADF6rG 1994), divided by 
the  percentage of habi ta t  availability i n  the 6 ecological 
provinces 'that they used, gives 0.07 f o r  natural openings (open 
muskeg, meadows, rock,  ice, ponds, and l akes )  and scrub forest, 
0.14 for clearcuts and young second-growth, 0.75 f o r  mature second- 
growth, 1.2 f o r  volume class 4 old-growth, 3.2 f o r  volume class 5 
old-growth, and 2.2 f o r  volume class 6-7 old-growth. The 
percentage of relocations f o r  two radioed goshawks from June 1992 
to March 1993 in southern s o u t h e a s t  Alaska (ADF&G 1993a), divided 
by the percentage of habitat in their actual home ranges (ADF&G 
1 9 9 3 a ) , "  was 0 . 0 3  f o r  natural openings and scrub forest, 0 . 1 8  for 
clearcuts and second-growth forest, 1.3 f o r  volume class 4 old- 
growth, 3.2 for volume c l a s s  5 old-growth, and 1.4 for volume class 
6-7 old-growth. 
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In general habitat preference increases  with stand volume in 
southeast Alaska; however, volume classes 6-7 appear to be less 
preferred t h a n  volume c lass  5 old-growth. Timber harvesting 1950- 
1990 concentrated i n  volume classes 6-7 (USDA Forest Service 
1 9 9 1 a ) ,  sc the residual volume c l a s s e s  6-7 seem more likely to lie 
on steep slopes where the tree canopy extends closer t o  the ground 
and so may more likely impede hunting. I have also noticed that 
the e x i s t i n g  s tands  of volume classes 6-7 t end  to be smaller than 
volume c lass  5 stands, and Widen (1989---see one page below) found 
that goshawks prefer to hunt  in larger stands. 

Landscape Camposition 

Forest fragmentation appears to impact goshawks, at least in some 
cases. closed forest should be contiguous enough to i n h i b i t  
open-forest and forest-edge raptors, because timber harvesting 
allowed other raptors t o  usurp goshawk n e s t  sites (Crocker-Bedford 
1g90b @ P < 0.001, Patla 1991, AG&F 1 9 9 3 )  and can increase 
predation on goshawks (Moore and Henny 1983). In northern 
California goshawk nest stands larger than 160 ac are  usually 
reoccupied, whi le  those smaller than 160 ac are less l i k e l y  to be 
reoccupied and those  smaller than 4 0  ac are rarely'reoccupied 
(Woodbridge 1988, Woodbridge and Detrich 1 9 9 3 ) .  Timber harvesting 
jn the home range beyond the nest stand can significantly affect 
*%occupancy of t h e  n e s t  stand (Crocker-Bedford 1990b, 1 9 9 1 ,  Patla !i -931, Ward et al. 1992-.;-see section on Population Densities and 
?rends). In Connecticut, goshawks nested an average of 6 mi from 
the  nearest opening larger than 13 ac (5 ha)---farther from 
openings than any of t h e  other hawks (Falk 1990). The importance 
of extensive forest was also found i n  New York and New Jersey, 
where n e s t s  usually occurred in "wilderness areas" (Speiser and 
Bosakowski 1987). In Pennsylvania goshawk home ranges exhibited 
significantly more forest cover than randomly chosen 4,840-acre 
plots, and n e s t  sites averaged significantly farther from openings 
than randomly chosen points  (Kimmel and Yahner 1992). 1n.Germany 
goshawks typically nest farther from openings than do hawks 
(Kostrzewa 1987 and Gemauf 1988, as cited by Falk 1990). 

In c o n t r a s t ,  half the n e s t s  i n  n o r t h e r n  Idaho and Montana were 
within 0.3 m i  from openings larger than 3 ac (Hayward and Escano 
1 9 8 9 ) ;  however, t h e  authors suggested t h a t  some results of t h e i r  
study were probably biased because many nests were located during 
timber harvest operat ions .  Goshawks have been known to 
successfully n e s t  i n  a shrub-steppe ecosystem having only 10% tree 
cover by riparian aspen (PoDulus tremuloides) (Younk and Bechard 
1 9 9 2 ) .  An unusual proportion of the n e s t i n g  females were only two 
years old (Younk and Bechard 1992), ,which may have indicated 
.immigration to utilize an unusually high d e n s i t y  of ground 
squirrels, rather than a long-term population of productive 
goshawks (Younk p e r s .  corn. Nov. 1992). Furthermore, subadult 
goshawks and subadult Cooper's hawks (& cooperii) are sometimes 
displaced i n t o  nontraditional and marginal nesting habitats 
(McGowan 1 9 7 5 ,  Moore and Henny 1984). A pair  of goshawks was 
reported n e s t i n g  i n  a riparian feltleaf willow (salix alaxensb)-- 
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balsam poplar (P. balsamifera) s t a n d  surrounded by tundra, but such 
habitat was apparently for goshawks as it was used only 
1 year in 12 and then produced only 1 young (Swen and Adams 1992) ., 
Mannan and Smith's (1993) radio-telemetry study found that some 
goshawks spent, significantly more time in d e n s e r  forest over 2 0 0  m' 
from'open forest than was expected given the h a b i t a t  availability. 
Widen's (1989) radio-telemetry astudy did not find different 
preferences for different sizes of clearcuts,  nor for different 
s i z e s  of stands of young forest,  nor for sizes of. stands of middle- 
aged forest; however, patch size was a significant f a c t o r  in the  
selection of mature fore& The Swedish goshawks used mature 
fiirsst patches larger than 100 acres 10 times more intensively, on 
a per acre basis, than mature stands smaller than 50 acres (P < 
0.001): In contrast, in mixed woodland/agricultural areas Kenward 
(1982) found t h a t  goshawks preferred hunting and were more 
successful hunting in woodland within 200 m of openings, though h i s  
resu l t  could have been due to h i s  radioed goshawks feeding on high 
densities of pheasants (Phasianus colchicus) and brown hares (Lepug 
euroPaeus).  The different.use of edge in coniferous forest and in' 
deciduous woodland ;mixed with agricultural openings , most probably 
reflected tfie different prey available (Kenward and Wideh 1989;). 

Only one of Mannan and Smith's (1993) birds in northern Arizona 
used habitat diversity categories in a manner statistically 
different f r o m  random---this bird tended to avoid locations near a 
wide variety of stand conditions. In contrast, in eastern 
California goshawk home ranges  contained more seral diversity than 
WES typ ica l  (Hargis et al. 1993). 

Habitat Summary 

Large trees are important f o r  nesting and perching (Bartelt 1977, 
Hennessy 1978, Sbuster  1980, Reynolds et al. 1982, Saunders 1982, 
Moore and Henny 1983, Hall 1984, Speiser and Bosakowski 1 9 8 7 ,  
mocker-Bedford and Chaney 1 9 8 8 ,  Kennedy 1988, Hayward and Escano 
1989, Patla 1990). Stands of large trees tend to offer more 
goshawk flight space beneath their canopies and between tree trunks 
(Moore and Henny 1983, F i s c h e r  and Murphy 1986, Speiser and 
Bosakowski 1987, Hayward and Escano 1989, Reynol'ds 1989, Widen 
1989, Crocker-Bedford 1990b, Warren et al. 1990), and large trees 
improve t h e  abundance of some prey species (Crocker-Bedford 1990b, 
Warren et al. 1990, Reynolds et al. 1992). Closed forest  canopy 
apparently provides p r e f e r r e d  microclimate in the nesting s t a n d  
(Bartelt 1977, Hennessy 1978, Reynolds et al. 1982, Hal l  1984, 
Erickson 1987, Speiser and Bosakowski 1987, Crocker-Bedford and 
Chaney 1988), possible inhibition to predators in the nesting stand 
(Reynolds et al. 1982, Moore and Henny 1983) , and apparently 
reduces nest site competition by other raptors (Crocker-Bedford and 
Chaney'1988, Crocker-Bedford 1990b, Ward et al. 1992, AC&F 1993). 
A l s o ,  closed canopies  may be zssociated with overall prey abundance 
(Crocker-3edford and Chaney 3988, Crocker-Bedford 1990b, Warren et 
al. 1990)---or at least the abundance of c e r t a i n  key prey (Reynolds 
et al. 1992)---and the ability of goshawks to sneak up to t h e i r  

i 
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prey (Widen 1989, Austin 1993). In any case, goshawks spend a 
disproportionate amount of time in stands with greater canopy 
closure (HargiS e t  al. 1 9 9 3 ,  Aust in  1 9 9 3 ,  Mannan and Smith 1 9 9 3 ) .  
The sparseness of shrubs and small trees appears to facilitate 
goshawk flight (Moore and Henny 1983, Fischer and Murphy 1986, 
S p e i s e r  and Bosakowski 1987 ,  widen 1989, Crocker-Bedford 1990b, 
Warren et al. 1990, Reynolds et al. 1992) and poss ib ly  facilitates 
prey capture (Reynolds and Meslow 1 9 8 4 ,  Fischer and Murphy 1986, 
Speiser and Bosakowski 1987, Reynolds 1989, Widen 1989, Crocker- 
Bedford 1990b, Gullion 1990, Warren et al. 1990). Goshawks prefer 
to hunt  in mature f o r e s t  (Fisher and Murphy 1986, Widen 1989, 
Ahstin 1993 , ADF.&G 1993a, 1994), especially in mature stands .larger 
than 100 acres (Widen 1 9 8 9 ) .  The amount of area with the  above 
attributes, within a home range, may increase  the energy intake to 
expenditure ratio of goshawks (Crocker-Bedford 1990b, Warren et al. 
1990). 

HOME RANGE/TERRITORY 

L i t e r a t u r e  a s  of 1 9 8 3  generally showed goshawk breeding home ranges 
between 5 , 0 0 0  and 8 ,000 ac (Reynolds 1983) . In northern New Mexico 
f o r  June to September, Kennedy ( 1 9 8 9 )  found t h a t  the 95% harmonic- 
mean home ranges of 3 adult males were 4,200, 4 , 4 0 0 ,  and 7,000 ac, 
while those of 5 a d u l t  females averaged 1 , 4 0 0  ac (range = 2 3 0 - 3 , 2 0 0  
ac) In northern Arizona for June to August, Mannan and Smith 
( 1 9 9 3 )  found t h a t  the 95% harmonic-mean home ranges of 11 adult 
males averaged 3 , 8 0 0  ac  (range = 2,100-5,700 ac) , while the minimum 
convex polygon method showed 4 , 4 0 0  ac  (rang.e = 2,200-6,200 ac) . In 
northern California f o r  July to 'August, Austin (1993) found t h a t  
the minimum convex polygon method averaged 6 , 0 0 0  a c  (range = 2 , 700- 
9,600 ac) f o r  5 adult males, 9 , 3 0 0  ac  (range = 5,000-17,100 ac) f o r  
5 adult females, and 11,800 ac for pairs .  The largest home range 
(17,100 ac) corresponded to t h e  most fragmented h a b i t a t  ( K .  Austin 
pers. comm.) In eastern C a l i f o r n i a  during summer, the average home 
range of 10 nesting goshawks was 2,200 ac as calculated by the 
adaptive kernel method (Hargis et al. 1993), which highlights areas 
of concentrated use and tends to show less area. 

In s o u t h e r n  southeast Alaska t h e  home range of one pair  of 
goshawks, from Prince of Wales Island, was an order of magnitude 
larger  than those measured elsewhere.  kDF&G (1993a) used radio  
r e l o c a t i o n s  with t h e  minimum convex polygon method f o r  home ranges .  
From 17 June to 10 August 1992, 32 relocations of an a d u l t .  male 
encompassed 46,700 ac of which 26,500 ac were land, and 24 
relocations of an adult female encompassed 59,300 ac of which 
25,700 ac were land. The 56 relocations of the pair  during summer 
encompassed 101,600 t o t a l  ac of which 50,800 ac were land. 

ADF&G (1994) reported on two a d d i t i o n a l  p a i r s  from south of 
Frederick Sound, tracked during the breeding season of 1993. The 
Kuiu Island a d u l t  male ranged over 15,400 ac (zero salt water) , the 

. female over  2 6 , 7 0 0  ac ( 7 3 %  l a n d ) ,  and the p a i r  aver 3 6 , 9 0 0  ac (81% 
l a n d ) .  The Kupreanof Is land male ranged over 21,000 ac (zero salt 
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water), the female over 2 7 5 , 3 0 0  ac  (67% land) , and t h e  p a i r  over 
288,700 ac ( 6 8 %  land). The percentages of land were my 
calculations from maps, and r e s u l t  in 29,900 ac and 184,500 ac of 
land f o r  the nesting season home ranges of t h e  t w o  pairs. 

A partial explanation for the huge home ranges in southern 
southeast A l a s k a  (ADF&G 1993a, 1994) , relative to s t u d i e s  elsewhere 
( 3  paragraphs above) , is t h a t  relocations in southeast  Alaska were 
made from a i r c r a f t  (ADFhG 1993a, 1 9 9 4 ) .  Other s t u d i e s  relocated 
radioed goshawks from ground vehicles, and seem more likely to have 
missed b i r d s  when they were farther from t h e i r  nests. Still, I 
believe the primary'reasons for the huge home ranges in southern 
southeast Alaska are prey and habitat effects which s t e m  f r , o m  both 
natural and anthropogenic factors. 

The a d u l t  goshawks studied in northeastern s o u t h e a s t  Alaska were 
all from the general area of Juneau. They were each relocated only 
8-14 t i m e s  prior to post-nesting dispersal, so significant amounts 
of t he i r  home ranges were probably beyond t h e  measured minimum 
convex polygons (ADF&G 1994.J. The 5 males  averaged 6 , 0 0 0  a c  (range 
i,800-11,100 ac), t h e  5 females averaged 3 , 4 0 0  ac (range 700-9,400 
ac) , and t h e  5 p a i r s  averaged. 8 , 8 0 0  ac (range 4,800-12,700 ac) . 
Although more r e l o c a t i o n s  w i l l  almost certainly increase the home 
range sizes, it Still appears that goshawks in the Juneau area had 
smaller home ranges. This may have been due to more prey of 
optimum s i z e  in the Juneau area (see section on Food Habits). 
Breeding home ranges of all pairs, both south and north, might have 
been larger if there had been data from t h e  courtship, incubation 
and ear ly  n e s t i n g  periods (ADF&G 1994). 

The ADF&G (1993a) report  is t h e  only one of which I know for North 
America which shows home ranges from summer th rough winter.  From 
17 June 1 9 9 2  to 10 March 1 9 9 3 ,  51 relocations on the  a d u l t  male 
encompassed 169,200 ac of which 75,700 ac were land, and 4 5  
relocations on the  a d u l t  female encompassed 243,800 ac of which 
1 5 4 , 7 0 0  ac  w e r e  land. Combining all 96 relocations of the pa i r  
frcm June to March gave 390,000 t o t a l  ac cf which'195,OOO ac were 
land. From September to June in t h e  boreal forest of central 
Sweden (Widen 1985), t h e  minimum convex polygon of 23 adult males 
averaged 12,, 600 ac (range = 4,400-19,800 a c )  while t h e  home range 
of 2 0  a d u l t  females averaged 15,300 ac (range = 7,900-22,700 ac). 

Goshawks defend a g a i n s t  humans 20-25 ac  around each of their nests 
' (Reynolds 1983). Unless h a b i t a t  is a l t e r e d ,  a pair. apparently 

defends  against o t h e r  raptors a territory which surrounds all of 
t h e  pair's cluster of alternate n e s t s  (Crocker-Bedford 1990b). The 
territory defended a g a i n s t  conspecifics may be larger 
(Crocker-Bedford 1990b). 

Austin,(1993) found t h a t  t h e  average density of goshawk pairs  was 
similar to t h a t  which could be inferred,frornthe mean size of their 
summer home range ( 1  pair/13,000 ac i n  h e r  study area versus a mean 
home range [minimum convex polygon) of p a i r s  during summer of 
1 1 , 8 0 0  a c .  In northern New Mexico,. Kennedy (1989) found one 
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occupied territory per 8,800 a c  (some occupied o n l y  by a female 
w i t h o u t  a male)., while the measured home ranges t h e r e  averaged less 
than half that much. In southeast Alaska n e s t i n g  season home 
ranges showed little overlap between adjacent, pairs (ADF&G 
1993a:17, 1994 maps) - Although summer home ranges of some adjacent 
p a i r s  can sometimes overlap by a s  much as '20% (Mannan and Smith 
i g g i ) ,  t h e  mean Summer home range may be an i n d i c a t o r  of the 
m a x i m u m  actual densi ty  of a goshawk population. 

~oPuLBTIoN DENSITIES AND TRENDS 

The reported breeding densities that are summarized in Table 1 for 
western North America should be used with caution because' survey 
techniques and i n t e n s i t y  varied between studies. Also ,  glven the 
different forest  types and prey compositions found i n  different 
locales, one would expect different densities of goshawks even 
without human induced habitat changes. For this reason, perhaps 
the only useful comparisons in regards to amount of logging are 
t h o s e  within a c e r t a i n  g.eographica1 area ( e - g .  w i t h i n  nor thern  
Arizona and northern New Mexico; or wi th in  California). 

Southeast Alaska 

The first sec t ion  of this paper---on Dis tr ibut ion  and Population 
Status---concluded that a rough estimate of the c u r r e n t  goshawk 
population in southeast Alaska is 100-2QO pzirs .  This would equal 
0.2-0.4 p a i r  per 10,000 acres of forest denser than 8 mbf/ac, or 
0.05-0.1 pair  per 113,000 ac of a l l  land in southeast Alaska. The 
section on Distribution and Population S t a t u s  also related that 
habitat capability i n  southeast  Alaska may have fallen by over 30% 
due to past logging.  s t i l l ,  it agreed with Forsman ( 1 9 9 4 )  that a l l  
we know for sure about the population of southeast Alaska is that  
goshawks "are relatively rare, and that t h e y  are probably declining 
as a r e s u l t  of habitat , l o s s ."  

Of 30 known, probable and possible n e s t  sites identified by the end 
of 1 9 9 2  in southeast Alaska, 70% had already been harvested or were 
in the vicinity of planned timber harvesting (ADF&G 1993a). If one 
considers only the 18 n e s t  sites identified during activities not 
associated with timber harves t ,  then 61% had already been harvested 
or were in the  v i c i n i t y  of planned timber harvest (ADF&G 1993a). 

British Columbia 

In British Columbia, breeding Queen Charlotte goshawks only occur 
on c o a s t a l  islands and perhaps on the mainland's coast. Goshawks 
are sparser i n  coastal British Columbia t h a n  in the i n t e r i o r  
(Campbell e t  a l .  1989). The r a t e  of loss of goshawk h a b i t a t  i n  
coastal British Columbia far exceeds that of southeast Alaska 
(crocker-Bedford 1990a) . 
By 1990 c o a s t a l  British Columbia had 12,662;OOO ac of productive 
old-growth f o r e s t  and 6,832,600 ac of clearcuts and second-growth 
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forest (Imre Spandl i ,  Ministry of Forestry, British Columbia, pers.  
corn. 1990). The coastal mainland portion of this landscape tends 
to be used by A. & atricapillus r a t h e r  than lainqi (R. w, 
Campbell, pers. comm. 3 May 1994), so much of this landscape is 
really not available to produce Queen C h a r l o t t e  goshawks. of go 
watersheds larger than 1 2 , 5 0 0  ac on Vancouver Island, only 6 
remained unlogged by 1992 and 5 of those were planned for entry by 
1997 (Frost and Friedman 1 9 9 2 ) .  T$e annual tirnber harvest over t h e  
e n t i r e  Province of British Columbia now a v e r a g e s  about 17 billion 
board feet, and half of all timber ever harvested in British 
Columbia has been harvested s ince  1977 (Frost and Friedman 1992). 

The F e d e r a l  Government of Canada (1991:p.7/27) concluded: 
"the loss of old-growth forests [in Canada J is most dramatic 
in t h e  coastal r a i n  forests .... A t  t h e  current rate of 
logging, it is est imated t h a t  t h e r e  w i l l  be no substantial 
a n c i e n t  f o r e s t  l e f t  on the Bri t i sh  Columbia coast by the year 
2008- - * -  P a c i f i c  Rim National Park Reserve and South 
MoresbylGwaii Haanas Nat iona l  Park Reserve are the only 
n a t i o n a l  parks prot-ecting v i r g i n  c o a s t a l  rain forest in 
Canada. Most of t h e  o l d  growth bordering Pacific Rim is 
destined for clear-cutting, which w i l l  r e d u c e  the park stands 
to narrow ribbons of forest ,  once again raising the size issue 
and potential problems of biogeographic isolation. Carmanah 
Creek, the site of Canada's tallest trees, ... is currently in 
t h e  .process of being set aside a s  a provincial park." 

Steller's j ay5  are typically a common food of Queen Charlotte 
goshawks (see Food H a b i t s ) ,  but Steller's jays have dec l ined  
grea t ly  on t h e  Queen C h a r l o t t e  Islands and are now r a r e  there ( w e s t  
1993, R. W. Campbell pers. comm. 3 May 1994). Only 3 documented 
nest sites of A. g. laingi persist on the Queen Charlot te  Islands, 
aEd no breeding has been recorded there f o r  6 years  (R. W. Campbell 
pers. comm. 3 May 1994). - -  A .  a. lainai has  become so rare in 
British Columbia that it could  perhaps be eliminated from its range 
there by t h e  collectors of eggs and specimens (Ibid.). 

Washington 

A f t e r  several years of surveying for goshawks and northern spotted 
owls ( S t r i x  occidentalis c a u r i n a )  in w e s t e r n  Washington, R. Lowell 
(now ADF&G goshawk biologist) opined t h a t  goshawks in western 
Washington are rarer t h a n  spotted owls, and goshawks appear to be 
more adversely affected by forest fragmentation than are northern 
spotted owls (pers. comm.). Lowell usually found spotted owls in 
arees where he found goshawks, but he d i d  not find goshawks in most 
areas that had spotted owls. H e  found  no goshawks in highly 
fragmented landscapes.  

Goshawks of the Olympic Peninsula are possibly t h e  Queen Charlotte 
subspecies (see earlier section on Distribution). Goshawk 
viability on t h e  Olympic Peninsula is  of particular concern because 
they #'are believed to be relatively isolated there,  t h e y  occur in 
low numbers, and their habitat requirements have n o t  been well 
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documented" there (Thomas et al. 1993:290). Within the range of 
t h e  n o r t h e r n  spotted owl, the nor the rn  goshawk is one  of the three 
bird species with the highest  viability r i s k  from timber management 
(Thomas et 1993:416). 

Although no firm Population trend d a t a  were .available, logging and 
suppression of understory fires contributed to a general decrease 
in n e s t i n g  and foraging h a b i t a t  for goshawks in Washington 2nd 
Oregon (Marshall 19.92) . Management provisions f o r  goshawk foraging 
ranges were inadequate, so questions remained on the long-term 
viability of goshawks in Washington and Oregon (Marshall 1992). 

Oregon 

Reynolds and Meslow (1984) suggested that the lack of nesting 
goshawks in northwestern Oregon was possibly due in part to 

, extensive pas t  timber harvesting and w i l d f i r e s  in that geographic 
area; however, Forsman (1994) suggest&d t h a t  goshawks never 
occurred in northwestern Oregon. 

Mannan and M e s l o w  (1984) concluded that goshawks could possibly be 
extirpated from northeastern Oregon if t h e  old-growth forest stands 
a l l o c a t e d  to timber harvest wire actually logged. 

California 

The breeding population of goshawks in California was est imated to 
have decreased one-third by 1985, mostly because of timber 
harvesting, and the decline was continuing at about 1% per year 
 loom e t  al. 1985). The goshawk was once common during winter in 
southern California, but is now very rarely seen there (Bloom et 
all 1985). 

Forest management practices o f t e n  degrade goshawk nesting and 
foraging habitats, especially in the more mesic coastal forests of 
northern California, " d e s p i t e  alternative techniques that [strive 
to] m i m i c  or use natural processes to maintain necessary structural 
characteristics" (woodbridge et al. 1993) . In mesic coastal 
forests suppression mortality of the  under s to ry  is important f o r  
t h e  understory to be open enough f o r  quality hunting h a b i t a t  
(Woodbridge et al. 1993), and suppression mortality is related to 
t h e  density of the overstory canopy. These concepts imply that 
goshawk h a b i t a t  may even be degraded by selection harvesting in the 
overstory of an old-growth rainforest, such as in southeast Alaska. 

Idaho 

In Idaho, Patla (1990) found a loss of nesting sites from logging, 
d e s p i t e  standards meant to pro tec t  t h e  n e s t i n g  sites. Another 
analysis (Patla 1991) i n d i c a t e d  that timber harvesting w i t h i n  1/4 
mi of protected nest sites r e s u l t e d  in a 75-80% r e d u c t i o n  in 
goshawk occupancy of nes t ing  territories. Actual losses were 
probably higher because of t h e  harvesting of unknown nest trees. 
Vacated  nests were o f t e n  taken over by o t h e r  raptors. 
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Northern New Mexico 

Goshawks in N e w  Mexico appeared to be l lthreatenedlt as a result of 
low reproductive s u c c e s s  and low density (Kennedy 1989). Removal 
of old-growth habitats probably reduced the historic population of 
goshawks in this area (Kennedy 1988). Four of 16 territorial 
females were without mates (P. Kennedy, Colo. State Univ. ; pers. 
corm.).  Perhaps the population density had been reduced so much 
(i. e. , only 1.1 n e s t i n g  female per 10,000 .ac)  t h a t  the opportuni ty  
for p a i r i n g  had been reduced, a s  theorized by Lande ( 1 9 8 7 ,  1988). 

Northern Arizona 

Timber harvesting under a selection-harvest regime, in which 
o n e - t h i r d  of the timber volume was c u t ,  w a s  associated with a 
decrease in goshawk reproduction ( P  < 0.001, Crocker-Bedford 
199ob). P a i r  occupancy exh ib i t ed  a measured decrease of 75% 
relative to t h e  controls ( P = 0.003), despite no-cut nes t  buffers 
of 3-500 ac (mean = 95 ac) in the treated l o c a l e s .  Fledglings per 
nest attempt showed an additional decrease' of 75% ( P  = 0.003). 
Other r a p t o r s  replaced goshawks in most logged territories but not  
in any control territory ( P  < 0.001) . Goshawk foraging habitat may 
have been degraded by t h e  loss of large trees and by an increase in 
shrubs, saplings and small trees (Crocker-Sedford 1990b). 

These  and o the r  data were analyzed (Crocker-Bedford 1991) to 
determine t h e  decline in nesting znd r e p r c d u c t i o n  BS compared to 
the amount of timber harvesting from 1973 to 1986 within assumed, 
c i r cu la r  home ranges (n = 53) of 5,800 ac. Selection harvesting i,ri 
10-39% of t h e  stands in a home range was associated; on the 
average, with 50%'=,Xess reproduction t h a n  in home ranges receiving 
l i t t le  or no harvesting ( P  < 0.02'). Selection harvest in 40-69% of, 
the stands in a home range resulted, on t h e  average, in an 80% 
decr,ease in reproduction. Compared to, unharvested home ranges; 
only  11% as much 'occupancy- (P < 0.001) and no reproduction"occurr-ed. 
where selection harvest  extended over 701 or more of the stands in 
a home range. While the effect 'of harvesting within t h e  home range 
was great (P < 0.001), whether or n o t  selection harvesting occurred 
in the n e s t  stand had no measurable effect ( P  = 0 . 7 8 ) .  

The density of p a i r s  in locales not logged since 1972 indicated 
that t h e  1972 population of the North Kaibab Ranger District was 
roughly 130 pairs (Crocker-Bedford 1990b) or, more accurately, 170 
- +40 pairs (Crocker-Bedford unpub. rep. August and Sept. 1991). 
Since 1972 the breeding population was est imated to have dropped by 
h a l f  (Crocker-Bedford 1990b). I n  1992, a f t e r  years of intensive 
breeding surveys, researchers knew of 58 occupied breeding areas 
( 7 4 %  of which succ@ssfully fledged young) on t h e  District, and I t f e w  

additional breeding areas [were) expected to be located on the  
[District) due to the intensity of r e c e n t  survey effortstt  (Hesl in 
e t  al. 1993:14). 

Boyce and others (unpubl. manuscript Apr. 1993) reported an changes 
1987-1992 in the territories studied by Crocker-Bedford (1990b): 
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"For  control territories [ Crocker-Bedf ord' s unlogged 
territories] t h a t  were treated after 1987 [Crocker-Bedford's 
last year] , we see them becoming unoccupied s h o r t l y  after 
t r e a t m e n t .  *I 

Boyce et al. ( I b i d . )  a l so  provided 1991-1992 data for Crocker- 
Bedford's active (egg producing)  control territories of 1987. Of 
those which had Still not received harvesting, 89% remained active'. 
1991-1992. Of those  w i t h  timber harvesting 1988-1992 , only 4 0 %  
remained a c t i v e  1991-1992 .I Despite  t h e s e  results  the same authors , 
in an a b s t r a c t  for a presentation (Boyce et al. 1993) , tlcould not 
find a significant p a t t e r n  of change i n  t h e  number of control and 
treatment territories t h a t  were occupied.Il 

A l s o  on the North Kaibab Ranger District, Ward and others (1992) 
assessed a e r i a l  photographs from 1972 and the l a t e  1980's for 
canopy coverage of areas (up t o  2 , 5 0 0  acres) around a sample of 
goshawk nest clusters. Goshawk territories which became inactive 
by the l a t e  1980's had significantly less canqpy density (= greater 
logging) by the l a t e  1980's than d i d  territor'i'es which rptained 
active (P < 0 ; l O ) .  

BY 1992 the North Kaibab Ranger District s t i l l  had much more mature 
forest and produced more fledglings per nest attempt (P = 0.03) 
t han  did the Scuth Kaibab, which received heavy timber harvesting 
decades ago and is now dominated by a younger fores t  (AG&F 1993). 

Eastern united States 

Although significant numbers of goshawks (mostly from Canada) 
sometimes w i n t e r  in the eastern Uni ted  S t a t e s ,  breeding densities 
were greatly reduced th roughout  the eastern States (Bent 1937). 
The goshawk was extirpated south of t h e  Lake States and 
Pennsylvania (Jones 1981). The recovery and maturation of many 
forests in the East may explain the recent range expansion of the 
goshawk in Michigan (Postupalsky 1975 as cited by Speiser and 
Bosakowski 1987) and t h e  Northeast  (Speiser and Bosakowski 1987), 
as well as the recolonizetion of the Appalachian Mountains nearly 
to Georgia (Johnsgard 1990). 

Given t h e  goshawk's persistence in parts of the Northeast despite 
the e x t e n t  of past forest harvest there, the concern f o r  t h e  
viability of the Queen C h a r l o t t e  goshawk might appear unwarranted. 
However, hardwood and mixed broadleaf/conifer ecosystems in the 
Northeast may produce more usable goshawk prey a t  earlier stand 
ages than' do western c o n i f e r o u s  forest ecosystems. Coniferous 
forests tend to go th rough a long second-growth stage with few 
understory plants, while  second-growth broadleaf forests typically 
c o n t i n u e  to produce many herbs and shrubs. The forage, seed and 
berry production in immature broadleaf forests may support larger 
prey populations than do immature coniferous forests. Furthermore, 
prey in young broadleaf forests may be more available, because 
second-growth coniferous forests  include a longer  period when 

. canopies e x t e n d  to the ground,  t h e r e b y  impairing maneuverability by 
goshawks and providing prey escape cover. 
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Finally, goshawk populations in the Northeast and Great Lake's 
S t a t e s  have posqibly benefited from the periodic invasions of 
Canadian goshawks Of the same subspecies. No such population 
reservoir exists for the Queen Charlotte subspecies, 

Comparison w i t h  Europe 

Although goshawks (A. k e n t i l i k )  were extirpated from Great 
Britain (Kenward et a l .  1991) and southern Europe, they persisted 
in n o r t h e r n  Europe d e s p i t e  significant logging and land conversion 
there. Such persistence in Northern Europe may be due to the key 
prey there  occupying ' d i f f e r e n t  habitats. Also anthropogenic 
changes t h e r e  occurred over many centuries, so perhaps goshawks and 
some prey had time to adapt to the  changing ecosystem. 

persistence of goshawks in northern Europe may also be due to the 
fact that old and New world goshawks differ morphologically. They 
may be different species (Brown and Amadon 1 9 6 8 ,  Beebe 19741,  

MOVEMENTS/DfSPERSAL 

Adults 

Several lines of evidence indicate incomplete mixing within the 
subspecific range of the Queen Charlotte goshawk. Beebe (1974) 
stated t h a t  they  are resident and do not migrate. Whaley and White 
(1993) found that the goshawks of coastal British Columbian islands 
had more rounded wings t h a n  most goshawks of North America, and 
they related this in p a r t  to the more sedentary nature of Queen 
Charlotte goshawks. None of t h e  17 adult goshawks radio-tagged at 
nest sites migrated o u t  of southeast Alaska during fall or winter 
(ADF&G 1993a, 1 9 9 4 ) .  Although goshawks of interior Canada may 
travel hundreds of miles dur ing  food shortages, those of western 
British Columbia (including t h e  Queen Char lo t t e  subspecies)  move 
little (Beebe 1974). 

Working with other subspecies XcGowan  (1975) and Widen (1985) found 
t h a t  adult goshawks usually did not s h i f t  their breeding 
territories,, but Detrich and Woodbridge, (1993) faund that some 
females moved to other home ranges.  Even a d u l t  goshawks from 
northern latitudes were usually resident on their territories 
year-around (McGowan 1975, Widen 1985). Non-breeding a d u l t s  
without'territories also were usually resident year-around (Widen 
1985). In south-central Sweden when food shortages induced adul t s  
to cease-defending their breeding t e r r i t o r i e s  during some winters, 
adults usually travelled less than 6 0  mi from their nests  (Widen 
1985). 

When a d u l t s  do leave their residences f o r  winter, t h e  sexes o f t e n  
go separately (Widen 1985). It was thought that goshawks were 
pair-bonded until one dies (Brown and Amadon 1 9 6 8 ,  Palmer 1 9 8 8 ,  
Johnsgard 1990)  which would imply t hey  would return to t h e  same 
breeding range after winter; however, some mate switching does 
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occur in northern California (Dietrich and Woodbridge 1993). 
Forsman (1994) suggested that t h e  'male and female each defend a 
territory against  members of t h e i r  own sex, but  will pair with a 
new mate in the event t h e i r  previous mate dies or is driven o u t  by 
the future mate. 

The above discussion implies that vacant h a b i t a t ,  and unpaired 
potential mates may not be found immediately---at least if they are 
very far away (Lande 1988). Also,  genetic i n t e rchange  across the 
subspecific range of Queen Charlotte goshawks is l i k e l y  incomplete, 
as evidenced by slightly different morphologies in different 
populations (see section of Distribution and Popu la t ion  Status). 
Moreover, given the home range philopatry and the different 
morphologies of A. 9+ lainsi and 9; 9;. atricapillus, I doubt that 
significant mixing occurs between adults of the  t w o  subspecies  
across the wide and high c o a s t a l  mountains of southeast Alaska and 
British Columbia, 

Juveniles 

In Gotland, Sweden, by 1 January t h e  maximum d i s tance  which 
juveniles moved from t h e i r  nest depended on their sex and, f o r  
females, t h e  abundance of rabbits in t h e i r  natal territory: the 
everage maximum distance for males was 17 mi (n = 7) in rabbit r i c h  
areas and 18 mi (n = 20) elsewhere; the average maximum distance 
f o r  female young was 5 mi (n = 12) in dense rabbit areas and 13 mi 
(n = 22) elsewhere (Kenward et al. 1993b). In central Alaska, 
recoveries of 8 banded juveniles indicated average dispersal of 12 
mi (McGowan 1975), though in south-central Sweden 6 of 8 juveniles 
dispersed over 30 mi (Widen 1985). With a much larger sample s i z e  
(303 recover'ies), Hoglund (1964 as reported in Widen 1985) 
determined that 4 4 %  of the juveniles in northern Sweden dispersed 
more than 30 mi. In contrast, only 4 %  of t h e  juveniles in,Germany 
dispersed over 30 mi (Glut2 et a l .  1 9 7 1  as reported in Widen 1985). 
Many of t h e  Juvenile recoveries were during winter, so in the 
spring many of the juveniles might have returned to the general  
vicinities where they were fledged, as do so many b i r d s .  

In southeast Alaska by 13 Janua ry  1994, t h e  farthest that 11 
juveniles had traveled from t h e i r  nests ranged from 10 to 9 4  mi 
(mean = 4 0  mi, median = 32 mi). The authors (ADF&G 1994) cautioned 
that actual dispersal distances could not be calculated until the 
juveniles eventually established breeding territories. 

Dispersal by juvenile Queen Charlotte goshawks may be t o o  little to 
assure frequent mixing ac ross  some of the bodies of water within 
the subspecific range. The different morphological characteristics 
associated with different portions of the subspecific range (see 
s e c t i o n  on Distribution) indicates that juvenile dispersal is 
inadequate to ensure full mixing within the subspecies range. 
Given t h e  dispersal data and different morphologies of e; g, laingi 
and A. a. atricaaillus, I doubt that significant mixing occurs 
between t h e  two subspecies a c r o s s  t h e  w i d e  and high coastal 
mountains of southeast A l a s k a  and British Columbia. 
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Vacant suitable habi ta t  patches  may not be found if they are  too 
f e w ,  small or isolated relative to t h e  number of dispersing 
juveniles and dispersal distances (Lande 1988). 

Post -Fl edg ins Period 

a t t e n t i o n  has been p a i d  to s p e c i a l  .management of the post- 
fledgling family area or PFA (USDA Forest Service 1991b, Reynolds 
et al. 1992). Reynolds e t  al. (1992:13) c i t e d  Kennedy ( 1 9 8 9 ,  a l s o  
her Ph.D. d i s s .  which I l a b e l  1 9 9 0 )  to assert that the PFA is 

"an area used by the a d u l t s  and young from t h e  t i m e  the young 
. leave the nest until they are no longer dependent on the  

a d u l t s  for food... PFA's vary in s i z e  from 3 0 0  to 600 a c r e s  
(mean = 415 acres )  and may correspond to t h e  territory ( a  
defended area) of a p a i r  of goshawks." 

Although Kennedy ( 1 9 8 9 )  d i d  determine a mean core area of 415 ac 
f o r  5 adult females during summer, she d i d  not have any young 

Adult 
females, and especially adult  males ,  spent- much time beyond the 
female core area.  I found. nothing in her papers (Kennedy 1 9 8 9 ,  
1990) to indicate  that t h e  core area of the, female was defended 
against other  goshawks. 

.radio-tagged and so could not state t h e  area used by young. 

In southeast Alaska adult female goshawks typically abandon their 
nest sites, and often disperse  from their breed ing  ranges, within 
a few days after their young fledge. The adult males  cont inue to 
feed the yzmng, apparently until young d i s p e r s e  about 39 days after 
fledging (ADF6rG 1993a, 1 9 9 4 ) .  Desertion by female Cooper's hawks, 
shortly a f t e r  their young fledged, tended to occur for the  females 
which were in poorer physical condition (Kennedy 1990). 

A detailed radio study of p o s t - n e s t l i n g  behavior of goshawks in 
Gotland, Sweden (Kenward et al. 1993a) found that young rarely 
ventured more than 1000 ft (the area used must have been under 7 0  
ac---the size in the unlikely case that young f l e w  1000 f t . i n  a l l  
directions) from their nests f o r  their first 2 5  days after 
f l e d g i n g ,  and that essentially all food was provided by t h e i r  
parents during this. period.  Young then abruptly increased their 
movements over t h e  next few d a y s ,  though most -of their food 
cont inued t o  be brought from farther away by t h e i r  parents. For 
80% of the juvenile males, dispersal out  of t h e i r  parents' nesting 
ranges occurred between 30 and 4 0  days a f t e r  fledging i n  a rabbit 
rich area, and 3 days earlier in a rabbit poor area. Average 
dispersal f o r  young females was 4 0  days a f t e r  fledging. Juvenile 
dispersal was assoc iated w i t h  the start of active hunting. Kenward 
,et al. (1993b) found t h a t  only 3% of the juvenile males (n = 73) 
and 8 %  of the juvenile females (n = 8 3 )  died between fledging and 
dispersal (Kenward et al. 1993b). 

It seems t h a t  concern f o r  t h e  young in t h e  post-fledging area has 
perhaps been over emphasized in Forest Service management. The 
quality of late winter and early spr ing  f o r a g i n g  h a b i t a t ,  and prey 
abundance, affects  the breeding condition of the a d u l t  female 
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(palmer 1988) , and the largest effect on reproduct ion  is failure to 
n e s t  (postupalsky 1974 as cited by Aust in  1993, Crocker-Bedford 
1990, 1991). Moreover, the male provides almost all food for t h e  
entire family from A p r i l  or May through July; therefore, the 
quality of his foraging range may affect the amount of t i m e  that 
the female can protect their young (Kennedy 1990), the number of 
young which can be fed, and t h e  growth rate of t h e i r  young, Below 
I will recommend t h a t  more emphasis be placed on foraging habitat, 
whether within or beyond the p o s t - f l e d g i n g  area. 

VIXBILXTY and DISTRIBUTION CONCERNS 

Timber Harvest Effects 

Many a u t h o r s  have a s s e r t e d  t h a t  timber harvesting, especially that 
near nests, has the p o t e n t i a l  to adversely affect goshawks: i n  
Oregon (Reynolds et al. 1982, Moore and Henny 1983, Mannan and 
Meslow 1984, Marshall 1 9 9 2 )  ; in C a l i f o r n i a  (Saunders 1 9 8 2 ,  H a l l  
1 9 8 4 ,  Bloom et al. 1 9 8 5 , - + , F o w l e r  1988, Woodbridge 1 9 8 8 ,  Austin 
1993); i n  Nevada (Herron e t  al. 1985 as cited in Fowler 1 9 8 8 ) ;  in 
Idaho and Utah (Hennessy 1 9 7 8 ) ;  i n  Idaho ( P a t l a  1990 ,  1 9 9 1 ) ;  in 
Montana and Idaho (Warren et al. 1990); in South Dakota (Bartelt  
1977, Erickson 1987); in Arizona (Crocker-Bedford 1987, 1990b, 
1991, crocker-Bedford and Chaney 1988 , Zinn and Tibbitts 1990, Ward 
et al. 1992,  AG&F 1 9 9 3 ,  Mannan and Smith 1 9 9 3 ) ;  i n  New Mexico 
(Kennedy 1 9 8 8 ,  1 9 8 9 ) ;  and i n  general (Jones 1 9 8 1 ,  Reynolds 1983, 
1989, Reynolds et al. 1992). 

Goshawks t e n d  to n e s t  i n  habitat which humans value f o r  potential 
lumber. Of 30 known, probable and possible n e s t  sites i d e n t i f i e d  
by the end of 1992 in southeast Alaska, 7 0 %  had already' been 
harvested or were in the vicinity of planned timber harvesting 
(ADF&G 1993a). That percentage decrzases t o  61% if one considers 
only the 18 n e s t  sites identified during activities not associated 
w i t h  timber harvest  (ADF&G 1993a). 

Furthermore, reductions in nest occupancy or reproduction following 
logging, ' e v e n  given p r o t e c t i o n  of n e s t  sites (Woodbridge 1 9 8 8 ,  
Woodbridge and Detrich 1993) or nesting s tands  (Crocker-Bedford 
199Ob, 19'91; Patla 1991; Ward,et al. 1992; AG&F 1993), have 
demonstrated that timber management can negatively af.fect the 
forest  habitat mixture that is necessary f o r  goshawks beyond nest  
sites or nes t ing  s tands .  One hypothesis, which would explain 
decreases in reoccupancy following logging even where n e s t  sites 
are protected, is that goshawks are unable to expand t h e i r  home 
range and time foraging enough to fully compensate f o r  the losses 
of key foraging h a b i t a t s .  In addi t ion  to limitations of 
e n e r g e t i c s ,  it may be t h a t  a p a i r  of goshawks can expand t h e i r  
breeding home range only if an a d j a c e n t  territory is  vacant---the 
adjacent pair has abandoned or died---thereby making available 
additional, key foraging stands. 
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The male must provide almost a l l  t h e  food f o r  the  entire family 
from May through J u l y .  The  male's home range is typically large 
which implies that, even given r e l a t i v e l y  abundant food, it is 
already d i f f i c u l t  for h i m  to gather enough food to feed t h e  family. 
consequently, the loss of foraging stands may affect reproduction 
more severely than implied by the simple proportion of a home range 
that is harvested (Crocker-Bedford 1990b, 1991, Pat la  1991)-: 

Harvesting a portion of a home range can e i t h e r  eliminate nesting, 
have no measurable ef fec t  on reproduction, or have an intermediate 
effect (Crocker-Bedford 1991, Patla 1991). This may be explained 
by t h e  fact t h a t  goshawks do not use their home ranges evenly 
(Fischer 1986, Kennedy 1989, Widen 1989, ADF&G 1993a and 1994, 
Austin 1993, Hargis et al. 1993, Mannan and Smith 1993). Some 
stands are used more. than others, even if t h e i r  gross vegetat ion 
structure is  similar (Kennedy 1989, Widen 1989, raw data of ADF&G 
1993a and 1994, Hapgis et al. 1993). I theor ize  t h a t  whether or 
not goshawk reproduct ion  is adversely affected by timber harvesting 
within a .  home range, is  related t o  the number of key foraging 
stands which are negatively impacted, as well as the continued 
presence of alternative, high qual i ty  foraging stands. In other  

-words, the l oca t ion  of timber harvest is a s  important as &e"'&ku%+t 
of harvesting - 

1 

The earlier Section on "Population Densities and Trendstt cites 
numerous examples of timber harvesting adversely affecting goshawk 
n e s t i n g ,  breeding densities, or r e p r o d u c t i o n .  The examples vary 
from strong science to weak inference, but taken together provide 
a s t r o n g  pattern. 

Evidence e x i s t s  that timber harvesting and land conversion can 
contr ibu, te  to the  ex t i rpat ion  of goshawks from large regions. Loss 
of forest contributed to t h e  extirpation of goshawks from Great 
Britain (Kenward et al. 1991). Also, Jones ( 1 9 8 1 )  be l ieved that 
goshawks had been severely reduced in the northeastern United 
Sta tes  and extirpated south of Pennsylvania. His contention is 
supported by t h e  fact that where second-growth forests have 
matured, goshawks have expanded their range in Michigan 
(Postupalsky 1975 a s  cited by Speiser and Bosakowski 1987) and the 
northeastern s t a t e s  (Speiser and Bosakowski 1987), Snd recolonized 
the Appalachian Mountains a lmost  to Georgia (Johnsgard 1990). The 
large population reservoir of A. a. atricapillus in Canada may have 
contributed to the recent p a r t i a l  recovery of goshawks in the 
eastern United States; however, no such population reservoir 
exists f o r  t h e  insular Queen Char lo t te  goshawk. 

In southeast Alaska logging has tended to concentrate in the  tracts 
of landscape that were probably high quality f o r  goshawks. This 
was especially true on private lands. Of the existing National 
Forest lands, in 1954 there were 173 watersheds (Forest  Service 
VCU's) more than 663 covered by old-growth of more than 8 mbf/ac, 
but by 1988 only 81 watersheds (VcU's) were over 66% old-growth 
(Crocker-Bedford 1990a). Compared to 40 years ago, most residual 
tracts of landscape with some potential for use by goshawks are 
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more naturally fragmented with unsuitable h a b i t a t s  (rock, ice,  open 
water) and low q u a l i t y  habitats (shrubby forests and forested 
muskegs < 8 mbf/ac), or are fragmented with clearcuts and 
second-growth SO short  and dense t h a t  goshawk flight is encumbered. 

Fur the rmore ,  until recent ly  logging concentrated almost entirely i n  
the higher  volume timber s t a n d s ,  and generally avoided t h e  lower 
volume itcommercialii timber stands (USDA Forest Service 1991a) which 
are less preferred by goshawks (ADF&G 1993a, 1994, and see s e c t i o n  
on Stand S t r u c t u r e ) .  In fact, considering all stands within the 
Tpngass NF, whether or n o t  in Land U s e  Designations available for 
timber harvest, 39% of the s t a n d s  w i t h  over 30 mbf/ac had been 
harvested by 1990 while close to zero percent of timber. stands 
having less volume had been harvested (USDA Forest  Service 1991a). 
In addition, State and Native selections of l ands  from the Tongass 
NF totaled 6 8 . 1 , O O O  acres  by 1 9 9 1  (USDA Forest Service 1991a) , 
emphasized high volume timber s tands ,  and had received 150,000 
acres of harves t ing  by 1990  (Crocker-Bedford 1990a). 

Habitat degradation may '.-partially explain why radioed pairs  
exhibited larger home ranges in southern southeast Alaska (see 
section on Home R a n g e p e r r i t o r y ) ,  which has been more heavi ly  
logged. Larger home ranges imply sparser breed ing  densities (see 
section on Home RangelTerritory), which may l ead to lower survival 
as well as reduced occupancy of t h e  res idua l  suitable or marginally 
suitable home ranges (Lande 1988, Thomas et al. 1990). 

Large areas of c l e a r c u t s  and young-growth forest have been added to 
the naturally unsui table  habitats of water and i ce  and low quality 
scrub forest i n  southeast  Alaska. This has tended to reduce the 
sizes and number of landscapes having h a b i t a t  mixtures suitable f o r  
breeding goshawks. Having fewer and smaller s u i t a b l e  landscapes 
results in greater  average distance between the residual suitable 
landscapes. Smaller suitable landscapes which are farther apart 
implies fewer pairs, slower recolonization of vacant suitable home 
ranges,  and less chance of a widowed bird ga in ing  a mate, and also 
causes seemingly suitable home ranges to be unoccupied much of the 
t i m e  (Lande 1987, 1 9 8 8 ,  Thomas et al. 1990) - 
Por ru la t ion  S i z e  and Trend 

The Queen Char lo t te  goshawk in southeast Alaska might be surviving 
a5 two intermixing populations largely i s o l a t e d  f r o m  those in 
Canada (see  Dis tr ibut ion  and Population S t a t u s ) .  The segregation 
of a low t o t a l  population of a subspecies into smaller 
subpopulations, along with population d e c l i n e s  , increases the 
chance of local extirpation and p o s s i b l e  extinction of an entire 
subspecies  (Mace and Lande 1991). 

Reed e t  a l .  ( 1 9 8 6 )  c a l c u l a t e d  that a t  least 610 interbreeding pairs  
of goshawks are necessary t o  assure long-term genetic viability. 
If t r u e ,  then the existing population of Queen Charlotte goshawks 
in southeast Alaska is  already below that figure, and it may be 
that  very little mixing occurs with Queen Charlotte goshawks in 
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Canada (see Distribution and Population Status). More importantly, 
other threats usually r equ i r e  that a viable population be much 
larger than t h a t  needed simply for genetic viability (Lande 1988). 

The queen Charlotte subspecies as a whole, including Canadian 
birds, meets Mace and Lande's (1991) criteria f o r  l lw lnerab le l l  to 
extinction: under 5 , 0 0 0  pairs  and over 1.0% annual decline in 
habitat capability (see DistributJon arid Population S t a t u s ) .  The 
Alaska Natural Heritage Program ranked t h e  Queen Char lo t te  
subspecies in its entirety as either l l cr i t i ca l ly  imperiled 
globally1' or "imperiled globally1@ (West 1993) . 
Because less than 1 , 2 5 0  pairs of Queen C h a r l o t t e  goshawks e x i s t  in 
southeast Alaska (estimate is 100-200 pairs) and they may be 
relatively d i s c r e t e  from those in British Columbia (see 
Distribution and Population Status), and if their habitat 
capability has been declining by 10% per generation (see above and 
a l s o  see section On Population Density and Trends ) ,  then goshawks 
in southeast Alaska m e e t  Mace and Lande's (1991) criteria f o r  
"endangered'l . , Indeed, if t h e  s o u t h e a s t  Alaska population is below 
125 pairs, then t h a t  by itself would be adequate criterion for 
being tlendangeredl' (Mace and Lande 1991). 

CONSERVATION STRATEGY 

Early habi tat  recommendations f o r  A. c. atricaDillus concentrated 
on protecting existing nesting stands and developing future n e s t  
stands (Jones 1981, Reynolds et al. 1982, Reynolds ,1983, Bloom et 
al. 1985, Cracker-Bedford 1987, Crocker-Bedford and Chanay 1 9 8 8 ,  
Fowler 1 9 8 8 ,  Kennedy 1 9 8 8 ,  Woodbridge 1 9 8 8 ,  McCarthy et al. 1989), 
though foraging habitat. beyond the nest stand was considered to 
some extent (Jones 1981, Reynolds 1983, Fowler 1988, Kennedy 1988, 
McCarthy et al. 1989). As the importance of forag ing  habitat 
beyond the nest stand bec'ame better documented, habitat strategies 
considered concentrated use areas beyond t h e  nest s tand (Kennedy 
1989, USDA Forest Service 1991b, Hargis et al. 1993). Most recent 
strategies f o r  A. 9~ atricaDillus consider entire home ranges or 
even entire landscapes (Crocker-Bedford 1990b, Warren'et al. 1 9 9 0 ,  
Reynolds e t  al. 1 9 9 2 ,  AG&F 1993, Austin 1993, Mafinan and Smith 
1993). Marshall (1992) reviewed t h e  history and variety of habitat 
management strategies. 

Owing to its restricted geographical distribution and larger home 
ranges , the international population of Queen Charlotte goshawks is 
much lower t han  t h a t  of A. g, atricapillus. The precarious status 
of the Queen Charlotte goshawk (see section on Viability and 
D i s t r i b u t i o n  Concerns) implies that it should receive more 
conservative management t h a n  recommended by authors  in the previous 
paragraph f o r  the more abundant a t r i c a p i l l u s  subspecies. In 
southern southezst Alaska Queen Charlotte pairs have exhibited 
extraordinarily huge home ranges,  which implies t h a t  the population 
there is mme imperi led thzn that in northern southeast Alaska. To 
m a i n t a i n  the viability and distribution of t h e  Queen C h a r l o t t e  
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goshawk on the Tongass National Forest of southeast Alaska, as 
required by the regu la t ions  of the National Forest  Management A c t ,  
will require a concerted e f f o r t  to maintain the key habitats of 
every e x i s t i n g  home range. Apparently s u i t a b l e  home ranges without 
known occupancy may also need to be carefully managed, The 
following conservation s t r a t e g y  improves, for goshawks, upon those 
previously recommended to maintain viability and distribution of 
birds  and mammals in southeast Alaska (Cracker-Bedford et al. 1991, 
s u i n g  et al. 1993)= 

~Ca's and other Large Protected Areas 

congressional set-asides such as Wilderness Areas, Forest.Service 
deferrals such as Primitive Recreation Areas (USDA Forest  Service 
1991a),  and (if approved) old-growth Habitat Conservation Areas or 
HCA'S (mocker-Bedford e t  al. 1991, Suring et al. 1993), all 
potentially b e n e f i t  the Queen Charlotte gashawk. Protected areas 
provide t r a c t s  where, nesting and foraging habitat w i l l  be 
preserved, to the e x t e n t  they are present, without additional 
management. Goshawk hab.itat there will be protected without 
expensive (Joy et al. 1993) and of ten  inconclusive (Kimmel and 
Yahner 1990,  Kennedy and Stahlecker 1 9 9 3 )  n e s t i n g  surveys. 
Furthermore, foraging habitat i n  protected areas will n o t  require 
speculetive analyses---home range specific management plans outside 
protected areas are unlikely to f u l l y  anticipate a l l  the key 
foraging stands needed by goshawks. Obviously more Congressional 
set-asides, Fores t  Service deferrals, and old-growth HCA's reduce 
risks to the v i a b i l i t y  and distribution of t h e  Queen Charlotte 
goshawk; however, protected areas by themselves are u n l i k e l y  to 
encompass enough home ranges to assure viability and adequate 
distribution of the subspecies. 

Individual Home Ranges Outside Protected Areas 

Several alternatives exist for habitat management , ranging from the 
most .conservative with the l east  risk to viability and 
distribution, to t h e  least conservative with more risk to viability 
and distribution of t h e  Queen Charlotte goshawk. The alternative 
chosen by the Forest Service will obviously have implications f o r  
t h e  management of o the r  resources .  

Most of the alternatives below cou ld  be applied to up to four  
probabilities of home ranges: (1) definite breeding ranges around 
confirmed nest sites, where goshawks have a c t u a l l y  beeg seen on or 
near occupied nests, or where goshawk feathers have been found 
below nests c h a r a c t e r i s t i c  of goshawks; ( 2 )  probable breeding home 
ranges , where adult goshawks have been observed in courtsh.ip 
d i sp lays ,  in defensive actions ( s toop ing) ,  or giving defensive or 
territorial vocalizations (kak k a k ) ,  or where fledglings (less than 
30 days out of n e s t )  have been observed; (3) possible breeding 
home ranges, where goshawks or probable goshawks have been observed 
during the  nesting season; and (4) apparently suitable breeding 
home ranges w i t h o u t  known occupancy anytime in past. The 
definition of ' "apparently s u i t a b l e  breeding home range without 
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known occupancy'' could  vary w i d e l y ,  and there fore  would have very 
different effects according to t h e  d e f i n i t i o n  that is eventually 
selected. It would be logica'l  to apply more conservative 
management to definite and probable home ranges, less conservative 
management to possible home ranges, and even less conservat ive  
management to apparently suitable home ranges for which past 
occupancy is not known. 

Whenever radio- te lemetry  data are a v a i l a b l e ,  they should be used to 
help delineate a home range, or  to redefine a home range previously 
de l ineated  without such data .  Obviously more relocation points  
dver more seasons and years a l low a more accurate analysis of a 
home range. A prediction of a home range based on data from other  
pairs of goshawks, even if from the same port ion of southeast 
Alaska, is u n l i k e l y  to be fully accurate. The level of inaccuracy 
could negatively affect t h e  success of the goshawk habitat  
management, as well as. adversely affect timber harves t ing  in 
locations that are  not important to goshawks. Kenward (1993)  found 
that rad io - te l emetry  efforts are inexpensive relative to the data 
provided, but that radiot.agging can occasionally affect goshawk 
behavior and survival. 

When actual relocation points are known for a pair, I advise 
against using a mean-harmonic home range, or a calculated non- 
c i r c u l a r  home range,  in a management analysis. Such mathematically 
generated home ranges t e n d  to change the shape of home ranges in 
manners t h a t  drop important h a b i t a t s  and add. unused hab i ta t s  
(Stahlecker and Smith 1993). 

The most conservative (lowest risk to goshawks) management would 
pro tec t  all old-growth over the entire, yeas-long home range of 
each pair of a d u l t s .  ADF&G (1994) showed that  92% of 667 locations 
in southeast Alaska were in old-growth having over 8 mbf/ac. 

A slightly less conservative, but s t i l l  low r i sk ,  management 
standard would p r o t e c t  a11 old-growth in the breeding home range--- 
the  area used from courtship untii d i s p e r s a l  (dispersai dates 
differ for different ages and sexes) .  Within the year-long home 
range of the adults but o u t s i d e  the breeding home range, only 
stands that average O v e r  20 mbf/ac would be protectEd,  Old-growth 
over 2 0  mbf/ac is more preferred and more used than old-growth of 
8-20  mbf/ac (ADFGG 1993a, 1994, and see section on Habitat 
structure and Composition). 

Widen ( 1 9 8 9 )  found t h a t  mature fo re s t  in patches larger than 100 ac 
was 10 times more preferred, on a per ac re  b a s i s ,  than mature 
forest in patches under 50  ac. The assumption that h i s  Swedish 
results apply to southeas t  Alaska leads to a still less 
conservat ive  (more risk) management option. Within the breeding 
home range, t h e  option would p r o t e c t  all old-growth over 8 mbf/ac 
t h a t  i s  i n  patches over 1 0 0  a c ,  a s  well a s  a l l  n e s t i n g  stands. 
Within the year-long home range but outside the breeding home 
range, the option would p r o t e c t  p a t c h e s  larger than 100 a c  that 
average over 20 mbf/ac. 
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A still less conservat ive  and higher r i s k ,  management option would 
pro tec t  w i t h i n  t h e  year-long home range all patches of forest 
larger than 100 ac that average over 20 mbf/ac. It would a lso  
p r o t e c t  all nesting s tands .  

The least conservative and highest risk management option, which I 
believe migh t  still be compatible with law, would protect within 
the  breeding home range. a11 patches of forest larger than 100 ac 
t h a t  average over 2 0  mbf/ac. All nesting stands would a l so  be 
protected. 

sti l l  another  strategy would be the same a s  the previous one, 
except it would be applied only  to an area equivalent in s i z e  to 
the 7 5 %  mean-harmonic home range of the pair during the bieeding 
season. More research (see  Research Recommendations) may provide 
knowledge f o r  a system which sufficiently protects viability with 
less impacts on timber harvest. 

If extensive radio-telemetry data have been qathered on a pair  of 
birds---perhaps over 200..relocations over two years---then they  
could be used to develop'a management plan specific to that  home 
range. Such a plan could be more accurate in pro tec t ing  key stands 
and important habitats w i t h i n  that specific home range, while at 
t h e  same time freeing more timber stands f o r  harvest .  

The above recommendations are  based on reports  and literature as of 
February 1994, and cou ld  change as more is learned about goshawks, 
especially about Queen Charlotte goshawks. I recommend avoiding 
significant amounts of experimental silviculture in important 
habitats within definite , . probable and p o s s i b l e  home ranges; 
however, small amounts of experimental techniques could be useful ,  
if they were carefully monitored to discern whether goshawk use of 
the treeted stands increased or decreased. In locales without any 
evidence of past goshawk occupancy, wide-scale silvicultural 
experiments could be tried i n  an effort to develop better habitat 
t h a t  would induce goshawks to take up residence. Such experiments 
would prcbzbly include thinning from below (Crocker-Bedf ord 1990b) . 
surveys t o  Locate Nesting Stands 

The characteristics of nesting stands have been well described and 
are relatively uniform across the e n t i r e  range of northern gashawks 
in North America. Nest stands almost always have trees large 
enough to easily support a goshawk nest ( large  limbs or crotches) 
and permit flight beneath the canopy. N e s t  stands usually have 
sparser brush, understory and mid-story canopies (relative to most 
other stands in a vicinity) , and this may improve goshawk f l i g h t  
space beneath t h e  overs tory .  N e s t  trees tend to occur on gent l e  
slopes, usually under 30% and always under 60%. N e s t  trees tend to 
occur near the toe of a slope or on a somewhat flatter bench on a 
longer slope.  N e s t  stands have dense over s to ry  canopies, perhaps 
f o r  improved microclimate or to reduce competition and predation by 
other r ap to r s .  (Most of the above was, s t a t e d  by each of Bartelt 
1977, Hennessy 1978, Shuster  1980, Jones 1981, Reynolds e t  al. 
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1982, saunders 1 9 8 2 ,  Moore and Henny 1983,, Reynolds 1983, Hall 
1984, Bloom et al. 1985, Erickson 1 9 8 7 ,  Speiser  and Bosakowski 
1987, crocker-Bedford and Chaney 1988, Fowler 1 9 8 8 ,  Kennedy 1988, 
Hayward and Escano 1 9 8 9 ,  Reynolds.1989, Falk 1990, Patla 1990, 
Warren et al. 1 9 9 0 ,  Kimmel and Yahner 1992, Marshall 1 9 9 2 ) .  

After collecting new data and reviewing the literature, Cracker.- 
Bedford and Chaney ( 1 9 8 8 )  suggested that  t h e  primary importance of 
stand aspec t ,  in regards to n e s t i n g ,  is aspect's i n f l u e n c e  on stand 
structure (tree S i z e ,  d e n s i t y  of overstory, openness of 
understory).  In southeast Alaska goshawk nest  stands have been 
recorded for every aspect except northwest (ADF&G 1994). I suspect  
w i t h  more sampling nests w i l l  be found there, too. 

Goshawks nest in stands larger than 20 acres (Reynolds 1983), but 
are. more likely to reoccupy nest stands larger than 150 acres 
(woodbridge 1988, Woodbridge and Detrich 1 9 9 3 ) .  Nesting may be 
affected by the f o r a g i n g  habitat and f o r e s t  composition beyond the  
n e s t i n g  stand (see section on Habitat  Structure and Composition). 

Typically 3 a l t e r n a t e  n e s t s  are used in a terr i tory,  in different 
years,  though a territory may contain up to 5 alternate nes t s  
(crocker-Bedford 1990b) . In Oregon n e s t s  were t y p i c a l l y  200-300 
feet apart (Reynolds and Wight 1 9 7 8 ) .  In California the median 
distance between alternate nests of consecutive years was 770 feet 
while the mean distance was 2 , 0 0 0  feet,  and one movement was 1.7 
miles (Woodbridge 1988). In n o r t h e r n  Arizona most alternate n e s t s  
were cleser than 1,000 feet (Cracker-Bedford 1990b). 

Even when,nes+ sites are actually occupied, they may go undetected 
during surveys using taped broadcasts of conspecific c a l l s  (Kimmel 
and Yahner 1990, Kennedy and Stahlecker 1993). Goshawks usually do 
not respond w h i l e  incubating e g g s ,  and response ra tes  vary somewhat 
between t h e  periods of courtship, nestlings, and fledgling- 
dependency (Kennedy and Stahlecker 1993). Still, the three 
responsive periods averaged a rate of detection (effectiveness) of 
about 75% when the observer was within 100 m ( 8  ac) of the.nest, 
about 50% effectiveness when 100-200 m (a 23-ac ring) from the 
nest, and about 20% e f f e c t i v e n e s s  when 200-300 m (a 39-ac ring) 
from the nest. The summation of these e f f e c t i v e n e s s - r a t e s  and ring 
sizes gives an equivalency of 100% effectiveness f o r  25 ac., 
assuming t h e  nest site is occupied during the season of survey. 

Within the goshawk a n a l y s i s  area  f o r  each pro jec t  which could 
potentially adversely a f f e c t  goshawks, survey effort should vary 
according to the potential of a location to contain  a goshawk nest. 
In Arizona Crocker-Bedford and Chaney (1988) found that nest stands 
were typ ica l ly  denser than 90% of the  o t h e r  mature stands within  1 
h. This is  less l i k e l y  to be the case in southeast  Alaska, where 
so many s tands  are a t  least a s  dense and tall a s  those used 
elsewhere for n e s t i n g .  Even so,  the Arizona study provides some 
logic to survey in three d i f f e r e n t  years ( reca l l  that 3 alternate 
n e s t s  are typical) t h e  10% of t h e  productive f-orest (>8 mbf/ac) 
which appears most likely to contain  a nest. This would provide 
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the potent ia l ,  to discover most of the nests .of the appa ren t ly  
h i g h e s t  quality n e s t i n g  habitats. 

The 20% of the productive forest ( > 8  mbf/ac) next most likely to 
c o n t a i n  a nest should be surveyed twice over two years. This would 
provide the po ten t i a l  to discover half t h e  alternate n e s t s  which 
exist within habitat of that apparent qual i ty ,  

The 20% of the productive forest ( > 8  mbf/ac) next most likely to 
c o n t a i n  a nest should be surveyed at least once. This would 
provide the po ten t i a l  to discover any nest that  happened to be 
occupied there that same year. 

1 assume biologists understand goshawks well enough to accurately 
estimate the 50% Of the productive forest which is  least likely to 
include a goshawk nest. Surveys are not recommended there. 

Breeding surveys should a lso  emphasize areas where goshawks have 
been observed, especially areas with repeated observations between 
March and early August. 

Landscape Management Through a Long Timber  Rotation 

A very di f ferent ,  managed landscape approach would p lace  the entire 
s u i t a b l e  and available timber base of t h e  Tongass NF on a 200-year 
timber ro t a t ion .  Only 5% of the s u i t a b l e  and available timber base 
of an assessment'area would be regenerated in any one decade. The 
concept is based on assumptions t h a t  i n  southeast Alaska sufficient 
goshawk flight space and prey are available in ,stands 100-200 years 
old. A major advantage of this system is  that  little p o t e n t i a l l y  
suitable goshawk habitat would receive timber harvesting b e f o r e  
wildlife could be better studied. A l s o ,  goshawk protection would 
not depend upon expensive, incomplete, and unreliable nesting 
surveys. The timber harvest level would be affected i n  the short-  
term, but timber quality over the long-term would be much higher 
and more competitive (P .  Alaback p e r s .  corn.). A timber rotation 
of at least 200 years would adequately protect  existing habitat 
while allowing degraded habitat to recover-over t h e  long-term for 
goshawks (mocker-Bedford 1990b, Reynolds et al. 1992). 

Between large permanently protected areas (Wildernesses, Primitive 
Recreation Areas, large and medium HCA's, e t c . ) ,  the forest matr ig  
could be partitioned i n t o  three 2,500-5,000 ac tracts per watershed 
(Crocker-Bedford 1990b), perhaps 3 tracts per Tongass NF Value 
Comparison U n i t .  The 3 matrix t rac t s  might surround a small 
permanent no-harvest area (Crocker-Bedford 1990b), perhaps the 
small HCA (>1,600 ac) of Suring et al. (1993). During t h e  first 7 0  
years of the long timber r o t a t i o n ,  regenerat ion harvesting would be 
concentrated in 1 matrix tract and would avoid t h e  other 2 tracts. 
Over the next 70 of the 200+ years, the second matrix tract would 
be regenerated, and over the final 70 years the t h i r d  t r a c t  would 
be regenerated. The size of the harvest uni t s  within the tract 
being regenerated might not m a t t e r  much to goshawks , but smaller 
regeneration patches  would more c l o s e l y  m i m i c  the natural forest. 
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Such a system would provide t r ac t s  of unfragmented mid-aged (70-140 
years) and mature forest (140-210 years), while limiting the amount 
of area in fragmented and young forest a s  recommended by Crocker- 
Bedford (1990b) Recall that Widen ( 1 9 8 9 )  determined that goshawks 
preferred mature forest in tracts over 100 ac 10 t i m e s  more, on a 
per acre b a s i s ,  than tracts smaller than 50 ac. 

RESEARCH RECOMMENDATIONS 

mF&G (1993a, 1994)  determined that 92% of the re locat ions  of Queen 
char lo t te  goshawks occurred in old-growth stands having over 8 
&f/ac, and that  stands having over 2 0  mbf/ac were more preferred. 
For each volume Class (8-20 mbf/ac and >20 mbf/ac), I recommend 
visiting a random sample of stands known to have been used 2 or 
more' times, a s  well as stands not -own to have been used (I 
recognized wider standard error because some not known to have been 
used really would have been). Data would be gathered to estimate 
why some stands of 8-20 mbf/ac are used while most such stands are 
not known to be used, and to estimate why many s tands  w i t h  over 2 0  
mbf/ac are used while  others are not known to be used. Forest 
structure and plant composition would be assessed, as would 
relative prey d e n s i t i e s .  Prey d e n s i t i e s  should be assessed in the 
same month a s  the stands are  used. In addition, the geographic 
information system (GIs) should be used to assess patch size, 
elevation, aspect, and proximity to the nest for a l l  stands having 
radio relocations, as well as a sample of stands without. 
relocations. Such information would enable refinement of which 
stands should be managed f o r  goshawks and which should emphasize 
other resources. 

Study should continue to assess home range s i z e s  and the reasons 
tha , t  they differ. Study should assess why breeding densities 
apparently differ in different portions of southeast Alaska. 

S w i v a l  rates should be assessed through radiotelemetry (Kenward 
1 9 9 3 ) .  

Determine dispersal distances. 

The 8 other Wi ld l i f e  Biologists of the In te ragency  Viable 
Population Committee f o r  Tongass Land Management Planning provided 
many helpful criticisms and i n s i g h t s  for improving t h i s  paper. 
Other he lpful  COmm@ntS were provided on early  drafts by S. . B r i n k ,  
L. Broberg, J. Concannon, T. DeMeo, J. Gustafson, B. Marcot, M. 
O r m e ,  and R. TI Reynolds. E. Forsman and others  commented on the  
March 1992 version (Kiester and Eckhardt 1994). M. Brown and C. 
Flatten commented on drafts of April 1994. 
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Table 1. 
The most comparable d e n s i t i e s  are those by the aame a u t h o r ,  though COmpa,risons 
could a l so  be made w i t h i n  t h e  northern p o r t i o n  of the Southwest (northern 
Arizona and northern New Hexico) and within  California. 

D e n s i t i e s  of pairs of b r e e d i n g  goshawks in western  coniferous forests. 

, .. 

Number of Pairs/  T h b e r  
10,000 ac land Harvest Location Source 

0.1 Much South Dakota Bartelt  1977 

0.4 Fragmented California Bloom et al. 1985 

0.5' 30% Selected N. Arizona Crocker-3edford 1990b 

0 . 8  >SO% 2nd growth N .  California Aust in  1993 

O.ab Much Selected N. New Mexico Kennedy 1989 

0 . 8  L i t t l e  logging, Central  Alaska NcGowan 197s 
but much fire.: 

1.3 Limited California Bloom at al. 1985 

1.5 

3.0 

L j m i t e d  Oregon Reynolds and Wight 1978 

L i t t l e  Colorado .Shuster 19% 

4 . 4  Light salvage h'. iirizona . Crocker-BeCEord 

9 . 0  None N. Arizona Croeker-Bedford 1990b 

and selection and Chancy 1988 

h d  only 0 . 5  nestling per pair. 

Does n o t  include the 25% of all t e r r i to r ies  where the female was unpaired. 
Unusually low reproduction even where paired, 


